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Preface 


Industry wants to be able to work faster and with greater precision in all areas involving control 
systems. The pace of innovative developments in electronics is stepping up accordingly. 


As soon as we encounter physical limitations in pure pneumatics where economical solutions 
are expected for complex control problems, electronics provides us with other useful ways and 
means. 


The integration of pneumatics and electronics has developed into a special field of its own: 


- Electropneumatics - 


This new field has now also become established in its own rights in vocational training. 


The Pneumatic Trainer Volume 2 follows on from our "Pneumatic Trainer 1" course and offers 
further training in the field of electropneumatics. 


Similar to Volume 1, the solutions section is in the same book as the questions and exercises, 
making it easier to check what has been learned. 


Once again, this course complies with the requirements and guidelines for the newly 
established trades in the German metalworking industry as set out in the ВІВВ 
recommendations (Bundesinstitut für Berufsausbildung Berlin - Federal Institute for Vocational 
Training, Berlin). 


Mannesmann Rexroth Pneumatik wishes every success to all taking part in the course. 


Mannesmann Rexroth Pneumatik GmbH 


Hannover 
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1. Introduction; 
Fundamentals of Electronics 


| 


1.1 Nature of electricity 
| 


| 
In order to understand the origin of electricity, we must 
first consider the structure of the atom. Every atom 
has a nucleus around which the electrons orbit. 





As an example, let us take: 
a) hydrogon 
b) lithium 


c) aluminium 


For every positively charged proton found in the 
nucleus of the atom together with the electrically neu- 
tral neutrons there is a negatively charged electron 
which orbits around the nucleus of the atom. The elec- 
trons can follow their set paths exactly because the 
force of attraction towards the nucleus and the centrif- 
ugal force of each electron balance out. If an atom has 
the same number of protons and electrons it acts elec- 
trically neutral towards the outside. 


In order to generate electricity, an imbalance must be 
created between the positively and negatively charged 
particles. 
We isolate the electrical charges from each other. 

| 


| 


| 





Fig. 1 Sch 
hydrogen, lithium and aluminium 
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Isolation of electrical charges 


Glass rod 


Let us take a glass rod and an ebonite rod and rub 
over their surfaces with a woollen cloth. The following 
effect will result from the frictional energy applied and 
the different atomic structures of glass and ebonite: by 
rubbing the glass rod, electrons are removed from the 
surface of the rod. These electrons are captured by 
the woollen cloth which means that electrons are 
missing from the glass rod. There are now more pro- 
tons than electrons. The rod is positively charged. 


Positive charge means 
тара NN. pum) 


^w 


- shortage of electrons -. 


SONM? ЕМТЕВРР 18 Р5 (РАК) 
411 P narama f entr 

Woollen cloth Bldg. No 2 Кија Ghaz nfor 18 Kh а нод 
| | SADHAR KARAS НІ 





Fig.2 Creation of a positive charge on a glass rod 


Ebonite rod If the ebonite rod is rubbed with a woollen cloth, some 
electrons from the woollen cloth are captured by the 

. ebonite rod. After rubbing, the rod has more electrons 
than protons and is negatively charged. 


Negative charge means 


- surplus of electrons -. 


If we were to bring the two rods together after rubbing, 
they would attract each other. 


The law of physics is:: 
Unlike charges attract 


Like charges repel 





Woollen cloth 


Fig. 3 — Creation of a negative charge on an ebonite rod 


| 
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Generation of electricity by induction 








1.2 Generation of electricity, 
types of current and voltage 


1.2.1 Generation of electricity 


The generation of a electricity is based on the same 
principle as that of charge isolation or transfer. 


Electricity can be generated in different ways: 
— electrolytic isolation (batteries) 
— induction 
— heat 
— light 


— crystal deformation (piezo) 


Let us have a closer look at generation by induction. 


A permanent magnet is inserted in a coil. In doing this, 
the field lines of the magnet cross the windings of the 
coil releasing free electrons in the wire along a certain 
direction. As long as the magnet is pushed in this 
direction, there is a flow of electrons in one direction in 
the coil. Current is flowing. 


If the direction of movement of the magnet is now 

éhanged from pushing to pulling, the field lines cross 
я қ қ à я : | 

the windings in the opposite direction. Current now 

flows in the opposite direction. If this operation is 

repeated continuously, the result is the typical alter- 

nating current (alternating voltage). 


This type of voltage generation is to be found, for 
example, in 


dynamos 
alternators 
e 


power generators 
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TT 


What is the origin of these free electrons that are so 
Conductor important for the generation of electricity? 


In most metals, the atoms are packed very closely 
together. 


An electron on the outer orbital path of an atom can 
reach a point which is just as far away from the 


Free | nucleus of the next atom as from its own. At this point, 
electron | the forces of attraction from the two nuclei are identi- 
| cal and this electron is then free to move within the 

metal. 


This is known as a " free electron ". 
Good conductors such as: 
silver 
copper 
have just as many free electrons as atomic nuclei. 


Free electrons within a conductor (metal) can move 
freely. 


wv \ 
CONWY ENTERPRISES wa vy 
411 P narama f ante 
Ride за Xp 1. Ghaz nf e 4,1 пола 
Fig. 5: Origin of free electrons in metallic conductors е 





if a conductor is attached to the terminals of a genera- 
tor, free electrons will be forced into the conductor at 
the negative terminal. 


Conductor | These electrons push the adjacent free electrons 
ahead because all electrons are negatively charged 
and repel each other. This all takes place at a velocity 
of approximately 300 000 km/s. 


The last free electrons at the end of the conductor 
pass into the positive terminal of the generator. In the 
case of alternating current, this takes place in an alter- 
nating direction. 


The electrical current in metals is simply the move- 
ment of free electrons. 


Generator 
har nf r амин 


“SADHAR Канд, pi D пе 





Fig. 6: Movement of free electrons in a conductor 
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1.2.2 Types of current and voltage 


To make the concept of electricity tangible, the pres- 
sure with which the free electrons are forced through 
the conductor can be designated by 


ction of motian of the | 
electrons 











Actual dire 





- Voltage U -. 


The quantity of free electrons flowing under pressure 
(voltage) is referred to as 


ае - current | -. 





Source of direct "Technical" direction of current 
current 





Fig. 7: Circuit diagram for direct current 


Source of 
alternating 
current 






There are three basic types of electrical current: 







Fig. 8: „Сиси! diagram for alternating current 


1. Direct current 
Electrons flow in a single direction from the minus 
pole to the plus pole (the actual direction of move- 
ment of the electrons). Before this fact was known, 
the "technical" direction of current flow was 
defined as being from plus to minus. 


Current / 


с 





Diagram 1: 


2. Alternating current 

. The flow of electrons from one pole to the other 
alternates. In the same interval of time, each pole 
changes its sign (+/-). 
In the case of alternating current, voltage and cur- 
rent are referred to by the small letters "u" and "i" 
(for direct current the capital letters "U" and "I" are 
used). 


o Сипеп! 


№ 






Diagram 2: Alternating current 
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Mixed current 


Material Conductivity pecine 
resistance 
А m 2 Qe*mm? 
И c—————— іп ————— 
А Q • mm? p m 


Diagram 3: 





[We | 60 | 99 
[бе | 50 | 00 
Lunam | 380 | 002% 


Table 1: | Conductivity and specific resistance 


Calculation example 1 


A copper conductor has a length of 56 m and a cross- 


section of 2 mm. 


What is the resistance Н of this conductor? 
[= 56 т; А = 2 тт? 


e 2 
р-0,0178 9* mm m 





3. Mixed current 
This is a superimposition of direct and alternating 
current components. 


1.3 Electrical conduction 


The conductor presents a resistance Н іп Q = ohms 
to the current flowing through it. 


The resistance depends on the material of the con- 
ductor, its cross-section, length and temperature. 


The resistance can be calculated with the help of spe- 
cial material constants (p or y) and two formulas. 


Resistance of conductor ef 
R= PO 


A 
or 
і 
R= an A 
R = Resistance of conductor in Q = Ohm 


= Length of conductor in m = Meter 








A = Cross-sectional area of conductor in mm? = 
= square millimeters 
Y = Conductance in = 
Q • mm? 
e 2 
p -Specific resistance in 52 • mm: p= oe 
m X 
Solution 
|| 
R= EY 
e ® 2 
R= 56 meQemm 





R=0,5 9 


The resistance of the conductor is: 
R=0,5 Ohm 
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Resistance Н 





Fig.9: Circ it symbol for electrical resistance 


Calculation example 2 


What is the magnitude of the current / in a circuit if 
the applied voltage is 12 volts and the load has a 
resistance of 10 ohms? 





1.4 Electrical resistance 


Even though a high resistance is usually undesirable 
in an electrical conductor, the resistor is still a very 
important electronic component. 


Without it, it would be very difficult to limit the strength 
of the current or to divide the voltage. 





The flow of current in a network varies according to 
the voltage and the resistance of the conductor mate- 
rial. 


Current / in A (ampere) 


Voltage U in V (volt) 


Resistance R in Q (ohm) 





The relationship between these three electrical quanti- 
ties in a network is expressed in Ohm's Law. 


R= a" A 


As an example, the current in a closed circuit can be 
calculated in this way. 


Solution 
Uu 
R= г 
О 
[= R 
|| 22V. 
~ 10 Q 
І-1,2А 


Тһе current іп this circuit is: 


l= 1,2 ampere 
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Resistance networks 


The laws applying to a series circuit 
— Total resistance A 

А; = F4 + Но + Ва +... + Нр 
- Total voltage 0, 

U, = Uy + Us + Из +... UA 
— Total current h 


h=h4=b=h=...=h 


Laws applying to a parallel circuit: 


— Total resistance R; 


1 
В, = В, +R, +, +... + R, 

— Total voltage U, 
Ш ZU = Un = Uz =... = Uh 


— Total current h 





ЕА ОВ +. + 


Fig. 11: Electrical resistances connected in parallel 
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Calculation example 3 Solution Балада Canta 

Calculate the partial resistance Rs, the total | Pu в: 2 da Ghaz-nfar wi Kh n vod 
А е, = ASA n “А , А 

resistance Я, the voltages Ш; and U, and the А = А, +В. 2100 + Al 00250 


currents |, 1, апа la. 





R = R, + В =100+50=150 


Из Ве 1 10 Ое2 А = 20 У 


U,R*hb250*2AÀAz210V 


ЏИ, 10V 


= Зоо ТА 
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© 
Фф 
= 
D 
td 


power statio 


Fig. 12: Hydroelectric power station 





Fig. 13: Measuring the power of a filament lamp with a 
wattmeter 
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1.5 Electric power 


The turbine in a hydroelectric power station generates 
more power as the head of water increases and as 
more water flows per second through the turbine. 


In the case of an electrical load, the potential differ- 
ence (voltage) corresponds to the head of water and 
the electrical current corresponds to the flow of water 
per unit of time (quantity of electrons per unit of time). 
The electrical power increases as the voltage 
increases and as the current intensity increases. 


For a direct current of 1 A and a DC voltage of 1 V, 
the power is 1 W (1 watt). 


The power P can be calculated: 


P zU'I 

P -ромег in W (Watt) 

U =voltage in V (Volt) 

| | zcurrent in А (Ampere) 


The power can be measured directly with a wattmeter. 
The formula for calculating power applies only for 
direct current. Where automatic current is concerned, 
the so-called reactive power and apparent power com- 
ponents must be allowed for when calculating power if 
the loads are not purely ohmic. 





Fig. 17: Pot magnet 
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1.6 Electromagnetism 


A magnetic field is created around a current-carrying 
conductor. The field lines are in the form of concentric 
circles. 


The direction of the field depends on the direction of 
the current. 


Using the corkscrew rule, or right-hand thumb and fin- 
gers rule, the direction of the field lines around the 
current-carrying conductor can be determined. 


Corkscrew rule 


Imagine a corkscrew (which has a right-hand screw) 
being screwed into a cork in the direction of the cur- 
rent. The direction of rotation of the corkscrew is 
equivalent to the direction of the field lines. 


Magnetic field of a current-carrying coil 


In a coil, the fields of the individual windings produce a 
common magnetic field. The magnetic effect is repre- 
sented by the field lines and it is known as the mag- 
netic flux ф. Its unit of measurement is volt-second 
(Vs). Within the coil, the field lines are parallel and of 
uniform density. The field is homogeneous. The north 
and south poles of a coil can be determined by means 
of the right-hand rule. 


SUN 

N v EN ER PR i 
411 Panora SES, 
Right-hand rigs. No. 2 Raja Gian 

a 

If the right hand is рав Атака ој stich thin the-< 
fingers are pointing in the direction of current flow, 
then the extended thumb will point in the direction of 
the field lines within the coil. 


Iron in the magnetic field of a coil strengthens the 
magnetic flux of that coil. 


In electronics and electropneumatics, electromagnetic 
force is used in order to close contacts or operate 
valves. The pot magnet is frequently used here. 


When a voltage is applied, the armature is drawn into 
the magnetic field and is therefore able to perform 
mechanical work. 
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Circuit symbol for a coil 


— — 


Alternative circuit symbol 
| 


H X. 
Ohmic resistance 
component 


Inductive reac- 
tance component 





Fig. 18: Circuit symbol and alternative circuit symbol for a 
coil 
















Fig. 19: Diagrammatic representation of apparent 
resistance (resistance triangle) 










1.7  Reactance and apparent power 


1.7.1 Inductive reactance 


lf we apply alternating current to a coil, we will find 
that the resistance is greater. 


The increase in resistance of a coil when applying 
alternating current compared with direct current is due 
to the inductive reactance Хү. 


The inductive reactance of a coil is produced by a 
back voltage due to self-induction. 


The inductive reactance is created by 
self-induction. 
A coil is therefore also referred to as an 


- inductance L -. 


Since a certain part of the reactance must be added to 
the pure ohmic resistance, the resultant of the two is 
known as the 


- impedance 2, -. 
The calculation cannot be performed simply by 


adding, however, because a phase shift angle is 
involved (see also Fig. 19). 


- Phase angle Ф - 


The following formulas are needed: 


X. = w" L їп О 
- 2 2 | 
Z = /в2 + X қ 


1 
а = angular frequency in + = Н (Hertz) 


L  -inductance іп Н (Henry) 
Хү = inductive impedance їп О 
R = ohmic resitance in Q 


4 = impedance in О 
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1.7.2 Apparent power 


If an AC circuit has a coil which сап be considered as 
a pure inductance and an ohmic resistance connected 
in series, then three types of power must be consid- 
ered: 


Ра = apparent power in VA 


4 angle oin? | Pa = reactive power in var 
P | -effective power in W 
VA (volt-ampere) = W (watt) 





| var (volt-ampere reactive) = W (watt) 
Diagram 4: Рһаве difference between current and 
voltage in a coil 


The powers can also be represented in a triangle. If 
an ohmic resistance and a reactive impedance are 
connected in series, the power triangle is similar to the 
resistance triangle. 


The angle between P and Pg is once again the 





| à phase shift angle ф. 
| 5 In а сой, the current leads the voltage by a phase 
o angle q. 
| + The powers can be calculated as follows. 
== Ps?- Р? T Ра 
Р. = /Р: + Р? 
= Е E Р. = Pè - Р? 
Fig. 20: Power triangle 
P= Р.2 Ро 


SUNNY ENTERPR ! S BS (pA v) 
41! Pinore ma Сет. 
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Capacitor i ina DC circuit 


Fig. 21: 















eee = 


әлім г 


mer oil 





| 
Table 2: Dielectric constants for various materials 












1.8 Capacitance 


A capacitor consists essentially of two metal plates 
separated by an insulating material known as a 


- dielectric -. 


If we connect a capacitor to a source of. direct current, 
we will find that a charging current flows. The magni- 
tude of this current depends on the nature of the 
capacitor and the resistance connected in front of it. 


When the capacitor is fully charged, the flow of charg- 
ing current tends towards zero. 


When charging has been completed, the flow of direct 
current is blocked by the capacitor. 


On one side of the capacitor plates there is a shortage 
of electrons and on the other there is a surplus. 


A potential difference builds up between the plates of 
the capacitor. 


When the capacitor is discharging, a discharge current 
flows in the opposite direction. 


A capacitor can store an electrical charge. This electri- 
cal storage capacity is known as 


- capacitance C -. 


This value depends on the plate area A, the thickness 
c of the dielectric and its material properties er (die- 
lectric constant) and a constant £g (dielectric conduc- 
tivity of empty space/electrical field constant). 


е = dieelectric constant 

Ey = electric field constant = 8,85 x 1012 F/m 

A = area of the capacitor plate in m? 

d = distance between capacitor plates in m 
C= Со е Er • 


The charge increases proportional to capacitance and 
voltage. 


Q -С"Иіп С (coulomb) 
С -сарасйапсе in F (Farad) 
U =voltage in V 


In an alternating current circuit, the capacitor acts like 
a resistance because it is possible to charge and dis- 
charge the capacitor continuously (with the same fre- 
quency as the alternating current). 


In a direct current circuit, the capacitor acts like an infi- 
nitely large resistance which allows no further current 
to flow in this direction once it has been charged. 











Fig. 23: Measurement of current 
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1.9 Measurement of electrical quantities 


In order to be able to measure electrical quantities 
such as voltage, current and resistance, we need a 
measuring instrument. Chapter 4 gives a detailed 
description of such instruments. 


Rules for measurements 


To measure the electrical voltage across the load, the 
voltmeter must be connected to the terminals on each 
side of the load. 


To measure the voltage of an electrical power genera- 
tor, the voltmeter must be connected to the genera- 
tor's terminals (see Fig. 22). 


Voltage is measured in parallel. 


The measuring instrument for measuring electrical 
current is known as an ammeter. 


To take measurements, the current must flow through 
the instrument. This is done by opening the circuit and 
inserting the ammeter in the line. The ammeter is then 
connected in series with the load (see Fig. 23). 


To measure the current, the ammeter must be con- 
nected in the line. 


Resistance can be measured indirectly by measuring 
voltage and current and then calculating the resis- 
tance. 


Using a resistance measuring instrument (ohmmeter), 
resistance can be measured directly. 


This instrument consists of an ammeter and a battery. 
In order to avoid falsifying the measured value, the 
battery must supply a constant voltage. The scales on 
these instruments are calibrated in ohms. 


| 4 
UNS Y ЕМТЕРРК 1585 (РА y 
у 411 р.потата f ш —- 
га GKaz:nfar %" ч 
. No.2 Raja О 
т SADDAR KARACHI 


нояб 
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1.10 Test questions 


1. Мате the three component parts of an atom 1. 




















2. Positive charging means: 


Negative charging means: 























3. Charges which attract are | | like or | | unlike? 
Charges which repel are || like or || unlike? 
4. Name the types of voltage generation 1. } NM o 
=. = —— —===—+ 
3. ___| ___ 
4. == | HÀ — —— 
5. am — 























5. Which elementary particles can move freely in a 
conductor? 


6. Electric current in metals is the flow of 














7. Inthe case of direct current, electrons flow 
continuously from 


8. Inthe case of alternating current, electrons flow in 


9. Mixed current is 



































10. A conductor provides a | = 
to the flow of current. 
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11. 


12. 


13. 


14. 


15. 
16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


The conductance of a conductor has the formula 
symbol 


and the unit 


The resistance in a conductor can be calculated 
as follows: 


The current in a network depends on: 


Ohm's Law states: 


DC power can be calculated using the following 
formula: 


Power can be measured with a: 


In a coil, the fields of the individual windings 
produce a common 


lron in the magnetic field of a coil intensifies the 


When applying a voltage to a pot magnet, the 
armature is 


Direct current is 
by a capacitor 


A capacitor can 
an electrical charge 


In an AC circuit, a capacitor acts like a 
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2. Protective Measures 
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Fig. 24: VDE-sign 





Fig. 25: Fault current and contact voltage 
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2. Protective Measures 


2.11 Тһе dangers involved with electric 
current; safety regulations 


The VDE 0100 regulations apply in Germany for pro- 
tective measures against excessive contact voltages. 


If the insulation is defective on an electrically operated 
device, it is possible for a person to come into contact 
with live parts. 


A fault current then flows to earth through the person. 


The potential difference between the equipment and 
earth resulting from this type of fault current is known 
as contact voltage. 


A contact voltage of more than 65 V is dangerous for 
human beings, and for animals even a voltage of 
24 У. 


Quite арап from the relevant protective measures, it 
should always be ensured that current-carrying parts 
are checked repeatedly and carefully. 


Negligence can have very serious results. 


The main VDE regulations and specifications (applica- 
ble in Germany): 


VDE 0100 - protective measures against excessive 
contact voltage 


VDE 0113- regulations relating to the electrical 
equipment for production machinery with 
supply voltages of up to 1000 V 


DIN 40040 - types of protection for electrical equip- 
ment 


It is essential to be aware of the minimum safety 
requirements for electrically operated equipment 


before working in the field of contro! technology. 


23 


Protective Measures 


































Fig. 26: Totally insulated hand drilling machine. 


2.2 Types of protection for electrical 
equipment and systems 


In equipment with a voltage of no more than 65 V 
against earth, no protective measures are necessary 
unless the protective measure of "Protective low volt- 
age" has been prescribed. 


The "Protective low voltage" measure prevents dan- 
gerous contact voltages from occurring. 


Protective low voltages are rated voltages of up to 
42 V. 


In equipment with voltages of more than 65 V against 
earth, protective measures are prescribed. 


2.2.1 Protective measures without protective 
conductor 


In the case of protective measures without protective 
conductor, the device will not be switched off if a fault 
occurs. 


Total insulation 


In the case of total insulation, all parts that can be 
touched and which can have a potential difference 
compared with earth in the event of a fault are in addi- 
tion either covered securely and permanently with 
insulating material or separated from the operationally 
isolated parts of the equipment by permanently 
installed insulating pieces, in addition to the basic 
insulation. 





Totally insulated equipment for mobile connection are 
not provided with a point for connecting a protective 
conductor. The connecting lead may not include a pro- 
tective conductor but, if connected by means of plug 
and socket, it must have an earthing-pin plug or a two- 


pole plug for Class || apparatus. 


Standing surface insulation 


Standing surface insulation against earth by means of 
insulating flooring, insulating walls, rubber underlays 
and so on is allowed only in the case of permanently 
installed equipment. 


. The covers must be securely attached to the parts that 


they cover and must be of such a size that the equip- 
ment can be operated only from the insulated location. 
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2.2.2 Protective measures with protective 
conductor 


Should a fault occur, the equipment is switched off if a 
fault current of sufficient magnitude is flowing. The 
protective earthing system changes a short-circuit to 
frame into a short-circuit to earth directly via the pro- 
tective conductor. 


The fault current flowing through the earthing line 
causes the overcurrent protective device (e.g. fuse) in 
the line on the power input side to respond. 


2.2.3 Fault current, current-operated 
earth-leakage circuit-breaker system 


In the current-operated earth-leakage circuit-breaker 
system, all lines to the load are disconnected within 
0.2 seconds if a dangerous contact voltage occurs. 


The earth-leakage circuit-breaker includes a summa- 
tion current transformer whose output winding causes 
the switch to cut out. 


The supply lines to the load are taken to this summa- 
tion current transformer. 


In the normal condition, current flows through the cur- 
rent transformer to the load and from there it returns 
back to the network without loss through the current 
transformer. In this case, no voltage is generated in 
the windings of the transformer. If some of the current 
returns to the earth as a result of a short-circuit to 
frame, the fields of the currents in the transformer loop 
do not quite balance out. 


In the output winding of the current transformer, a volt- 
age is induced which operates an electromagnetic 
tripping device. 


This tripping device then isolates the equipment from 
the network. 


The protective function takes effect. 
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2.2.4 Designation of the types of protection by 
letters and digits 


The types of protection are classified in accordance 
with the German standard 


DIN 40050 


by an abbreviated designation made up of the letters 


IP 


and two digits. 


These designations for the type of protection refer to 
the kind of load and electrical equipment. 


Different types of protection are required for different 
kinds of equipment. 


Protection against electric shock, foreign matter and 
water are combined for various items of equipment in 
accordance with the particular requirements. 


If one part of an item of equipment has another type of 
protection than the main part, then the type of 
protection of the part which is different is specified 
separately. 


For example, an electric motor can be designed with 
type of protection IP 21 and the terminal box of the 
same motor can be designed in accordance with the 
type of protection IP 43. 


The designation for the type of protection in this case 
would be: 


IP 21 - terminal box IP 43 


Example 
IP 24 


Meaning 


— Protection against medium-sized solid bodies, 
protection against splashwater up to 60^ to the 
vertical. 


Please refer to the detailed listing of types of 
protection in Chapter 9. 
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2.2.5 Designation of types of protection by | 
symbols | 


Apart from the general designation of types of protec- | 
tion by letters and digits, the type of protection (protec- - 
tion against water and dust) for installed equipment | 
and electrical loads is given by means of symbols 

(VDE 0710 and VDE 0620), e.g. in the case of lamps | 
and heating equipment, in equipment with electric - 
motor drives for household use and for similar pur- | 
— drip-proof — poses, for electric tools and electromedical equipment. | 


— protection against high humidity of the air, — Electrical equipment in damp rooms and in the open 
vapours and water drops falling vertica | air must be at least 








"агір-ргоої", and 


lamps must be at least 


"rain-proof". 











Installation material in wet and soaked rooms must at 


- protection г e ingre: least be properly sealed. | 
without pressure | Other equipment must be | 




















Fig. 29: Examples for type-of-protection symbols in "splash-proof", 


accordance with VDE 0710 and VDE 0620 


and lamps must be at least 














"hose-proof". 








The use of equipment with higher classes of protec- 
tion is permissible. 


| 
Please refer to the standardized representations in 
Chapter 9. | 
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24. Which German regulation applies as a protection 


23 Test questions 
measure against excessive contact voltage? 


25. What voltage is considered to be a dangerous 
contact voltage for persons? 


26. Which German regulation is valid for equipment 
up to a rated voltage of 1000 V? | = 


27. As from which voltage are protective measures 
prescribed? | 


28. Inthe case of protective measures without protective 
conductor, the device be switched off if a fault occurs. 





29. Briefly explain the following designations for types of 
protection: 






IP 22 


IP 55 — 
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Switch 


Solenoid 


valve 


Fig. 30: ore a solenoid valve 


1. Circuit ТЕТЕ switch (NO a | 


Actuation es \. 
| 


2. Circuit opening switch (NC contact) 








| 

1 

Actuati | 
uation y » 2 

| 

| 


3. Two-way switch (changeover contact) | 
Fig. 31: Various contact functions 


Fig. 32: Pushbutton (NO contact) 
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3. Equipment for 
Electropneumatic Controls 


If an electropneumatic device (e.g. a solenoid valve) 
is to be operated, there must be a signal at the valve. 


In order to effect such an operation, we need a switch 
that allows the signal to be sent to the coil of the sole- 
noid valve. 


3.1 The contact switch 


When a switch is operated mechanically, the two con- 
tacts are pressed against each other and thus close 
the circuit. 


The contacts are made of: 


Gold, platinum, silver, tungsten or special alloys. The 
choice of materials depends mainly on the magnitude 
of the current that is to be switched. The important 
thing here is that even after a very large number of 
switching operations the surface of the contacts is 
undamaged and the contact resistance remains 
approximately constant. 


There are basically three different types of contact 
functions: 


1. Circuit closing switch (NO contact) 
2. Circuit opening switch (NC contact) 


3. Two-way switch (changeover contact) 
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3.2 Electromagnetic contactors 


Single-break or multiple switches need not necessar- 
ily be operated manually. Other important compo- 
nents for switching contacts are contactors for high 
voltage or high current and relays for low power appli- 
cations. The contacts in contactors are moved by the 
armature of a solenoid and held in their switched posi- 
tion. 


The contacts return to their normal position when 
there is again no current in the coil of the solenoid. 





Fig. 33: Pot magnet contactor 


If pushbutton "a" is operated in the contactor circuit 
shown in Fig. 34, a solenoid is energized whose 
armature presses the movable contacts against the 
fixed contacts and thus closes the load circuit. 





13 23 33 A distinction is made between AC contactors and DC 
ооо contactors. 


DC contactors close more gently than AC contactors 
14 24 34 which means that the contacts are subjected to less 
wear and tear. 


Contactors can be switched on and off more fre- 
quently than manually operated switches. The contact 
pieces in contactors can be operated over several mil- 
lion cycles. 





Fig. 34: Circuit arrangement for a DC contactor 


If a contactor is operated eight hours a day and on 
average 40 times an hour, 1 million switching cycles 
represents a life of 10 years. 
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3.2.1 Terminal assignments and representation 


There are two possibilities for representing a contac- 
tor: 


1. The contacts are drawn showing the 
mechanical association with the coil (link- 


age). 


2. The coil of the contactor is drawn in the rel- 
evant current path. 
The contacts are shown in the current 
paths to be switched (circuit diagram). 
They are designated simply by the contac- 
tor designation K, of the contactor 
concerned. 


The designations of a contactor are as follows: 
(Representation 1) 


Overall designation 
of the contactor: 
Ку, Ko, ..., Kn 


Coil terminals: 
"ipa 
Working contacts: 


151 digit— — consecutive numbering 
of all contacts 1, 2, 3,...,n 





Fig. 35 Methods of representation of contactor circuits 2nd digit > 
d 3 = NO contact 





4 


= NC contact | 
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3.3 Electromagnetic relays 


An electromagnetic relay is an electromagnetically 
Armature operated switch which is mainly used in low-voltage 
or low-current applications. 


et of contact springs Relays are frequently used in telecommunications 
and act as switches in circuits which transmit signals. 


The design and function of a relay is very similar to 
the contactor already described. 


By switching on the excitation current, circuits can be 
closed and opened. 


After switching off the excitation current, all contacts 
that have been operated return to their original posi- 
tion. 


In its simplest form, a relay comprises a coil with iron 
core, a set of springs and a soft iron armature. 


The armature can be rotated in its bearings. 


When current flows through the relay coil, the arma- 
ture is attracted and then operates the contacts. 


When at rest, the armature is pushed away from the 
iron core by the force of the spring. 


Relays can be equipped with several pairs of con- 
tacts. 


All contacts together are contained ina 
"set of contact springs". 


Termínals 
Relays can be of the flat type or of the round type. 





< ! ———— — In circuit diagrams, the relay contacts are always 
Fig. 36: Function chart of a relay drawn in the de-energized position. 


Sets of contact springs have standardized graphical 
symbols (refer to Chapter 9). 
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3.3.1 Time-delay relay | 
| 
| 





One particular kind of relay should not be forgotten | 
here: 





- the time-delay relay -. | 


With a time-delay relay, it is possible to delay | 
switching on or off of the actual coil in the relay. 


The delay, which can either be preset as a fixed value | 
or be set variably, is obtained by means of electrical | 
components within the relay. | 





A time-delay relay can, in certain types, have a | 
separate terminal for starting the time delay. 


3.3.1.1 On-delay relay | 


| ы! | ч ~ | 
Output | | 


=з» 


After applying the excitation current, a time At 
elapses before the relay coil is activated and the 
contacts close or open. 





3.1.1.2  Off-delay relay 


After switching off the excitation current, a time At 
elapses before the relay coil is de-energized in order, 
for example, to switch a NO contact after a time 
delay. 





| 





Fig. 38: Off-delay relay 
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zener diode 


Transistor 


C 
B 
Е 


Thyristor 


Anode 
controlled 


G | 
та Cathode 
G 


controlled 





Fig. 39: Symbols for various electronic components 
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3.4 Electronic components and their 
graphical symbols 


It would certainly be well beyond the scope of this 
course if we were to delve in depth into the subject of 
"Electronics". 


However, since you will in practice be constantly 
confronted with symbols that are used in electronics, 
you should learn some of the more important ones. 


Diode 


This allows current to flow through it in one direction 
only. It is used in protective circuits and for rectifying 
alternating current. 


Zener Diode 


For a defined voltage, it also allows current to flow in 
the opposite direction (reverse direction). It is needed 
for voltage stabilization. 


Transistor 


Depending on the type, this amplifies either current or 
voltage. It is used in order to switch or amplify 
signals. 


Thyristor 


This allows only the positive half-wave of alternating 
current to pass through. Depending on the signal 
applied at "G", it can also be just a part of this half- 
wave. 
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Refer also to Chapter 9 for standardized symbols. 
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Examples 


Se, 
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Fig. 40: Examples of graphical symbols 
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3.5 Graphical symbols 


If we think about the large number of possible circuits 
and equipment to be found in industrial applications, it 
is clear that standardization is essential for devices 
and functions shown in drawings. 


oome of the standardized designations are shown 
here and these will help you to read a circuit diagram. 


Examples 


1. Terminal for protective conductor 


2. Branching box, distributor 


3. Set of relay springs - break contact 


4. Coil with one winding 


5. On-delay relay 


6. Off-delay relay 


Т. Operation by pushing 


8. Electric generator 


9. Motors 


10. Switches 


Refer also to Chapter 9 for symbols and their stan- 
dardized designations. 
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Fig. 42: Functional diagram 





3.6 The electrical circuit diagram 


In order to be able to install an electronic or electro- 
pneumatic system, standardized drawings and circuit 
diagrams are needed. 


In German industry, four types of circuit diagram are 
commonly used and these provide a maximum of 
information for each type of operation. 


Types of circuit diagram: 
— Schematic wiring diagram 
— Functional diagram 
— Layout diagram 


— Construction diagram 


3.6.1 Schematic wiring diagram 


No attention is paid in the schematic wiring diagram to 
the proper positions of the various devices. 


Each device is drawn in a current path in such a way 
that it is perfectly clear how it functions in the circuit. 


The current paths are always drawn between the live 
voltage and zero in order to allow the functions to be 
traced from top to bottom. 


3.6.2 Functional diagram 


Here too, no attention is paid to the proper position of 
the equipment. 


All devices are shown with their full connection 
arrangements and in the diagram all incoming and 
outgoing lines are drawn. 


It is possible to trace the connecting cables and to 
establish the amount of wiring required. 


Certain functions of the equipment, such as coil and 
contacts in the case of a contactor, are not shown 
individually. 
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Fig. 43: Layout diagram 
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3.6.3 Layout diagram 


Each item of equipment is shown in the correct layout 
position in order to make it possible to estimate the 
amount of installation work involved. The various 
devices are drawn schematically and with only a sin- 
gle connection; the line drawn to each device is given 
a cable index so as to identify the number of cables 
that have to be laíd. 


3.6.4 Construction diagram 


The construction diagram has similarities with the lay- 
out diagram. 


The construction diagram shows in addition an outline 
of the rooms in which the equipment is to be installed. 


All walls and breakthroughs are drawn in this diagram 
in such a way as to assist construction. 
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3.7 Test questions 


30. Which terms are commonly used in industry for 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


Explain the following graphical symbols 


Contactors are: 


Relays are: 


In circuit diagrams, the relay contacts are always 
drawn in 


Contacts are made of 


There are two different types of relay construction: 


Which types of actuation do you recognize? 


Circuit closing switch: 
Circuit opening switch: 


Two-way switch: 
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38. Which types of electric drive are shown here? 


Aj 


ea ы ak AAEE e o adaa a aka AA 


39. Against each of the following items of equipment, put in the correct designations in accordance with German 
standard DIN 40 719. 











Transformator | Contactors = 
Switch | Power supply | 
Resistor _ | _ Capacitor = 1 
Measuring = Е =. Inductance 

instruments 

Motors "-— ре Terminals ке aan | р 











40. What are electronic components needed for? 


41. Name the four main circuit diagram 
representations 












































Equipment for Electropneumatic Controls 


42. Apply 220 V to two lamps through two switches. 
Draw the functional diagram and the schematic wiring diagram. 


Functional diagram 















Е 
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4. 


4.1 


4.2 


4.3 


4.4 


4.5 


4.6 


4.7 
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Recording measured values 
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Sensors 
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Mechanically operated signalling devices 
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Inductive signalling демісев........................................2222....722. 





Capacitive signalling devices 
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Optical signalling devices 
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4. Electrical Control, Operating 
and Signalling Devices 


4.4 Recording of measured values 


This involves the measurement of current and voltage 


with an analog pointer instrument. 


Command value кесе 
Тһе principle involved here is not different from that of 


an electrical servo control loop. 

A specific value is tested at a specific time. 
Automatic This is known as: 

control system | 


Actual value 


This value is now compared in the electronics with a 
previously specified value. This is known as: 


Actual value Actuating 
variable 


Command value 


(or setpoint or set value) 


In the case of our pointer instrument, this comparison 
is performed by the human operator. 


If command value and actual value correspond, then 
Machine no control action need takes place. If the values differ, 
then corrective action is taken. 





For a variety of measured value recordings, our 
normal pointer instrument plays an important part. In 
the next section, we shall take a closer look at a 
pointer instrument. 


Fig. 45: Block diagram of a control loop 
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Permanent magnet 
Pointer 
Scale 





Series resistor 
Moving element 





Zero setting 


Fig. 46: Pointer instrument 
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Pointer instrument 


A pointer instrument consists of a rotating coil with 
pointer, a scale and all parts that are essential for the 
function such as permanent magnet, housing etc. 


Function 


The current to be measured flows through the coil (1) 
mounted in bearings causing a magnetic field to be 
produced which opposes the field of the permanent 
magnet (2). The coil (1) reacts by rotating around its 
axis of rotation. The pointer (3) is rigidly attached to 
the coil and indicates the deflection on the scale (4). 
The greater the current being measured the greater 
the deflection of the coil and pointer. The measuring 
range can be extended by connecting different resis- 
tors (also known as multipliers) (5) in series. 


To obtain accurate indicated values, the coil (1) and 
pointer should be easily deflected by the measuring 
current. The friction in the bearings must be kept 
extremely low. 


In this instrument, the bearing consist of a highly pol- 
ished steel tip on a jewel. 
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Pointer deflection 


Diagram 5: 


without damping 
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Measured value 


= ДИ 


with damping 


Measured valu 





Diagram of pointer deflection against 


(with and without damping) 
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Damping 


When rotating, the moving coil loads a spring. 
Because of the inertia of the system, the pointer oscil- 
lates about the true measured value and settles down 
only after a certain time. 


For the measured value to be read quickly and relia- 
bly, overshooting of the pointer must be prevented. 
This is done by damping which is effective only when 
the moving part rotates. 


The following methods are commonly used: 


1. Air chamber damping 
A spool is attached to the pointer. When the spool 
moves, it forces air out of a chamber. 


2. Eddy current damping 
A small aluminium frame moves between the poles 
of a permanent magnet and disturbs its field. The 
magnitude of damping can be varied by suitably 
designing the frame and by the shape and strength 
of the magnetic field. 
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On the scale of every multifunction instrument, we will find an inscription with symbols. 


The inscription identifies the type of instrument. The symbols are standardized in German standard DIN 43 802. 











| 
Symbols for seale inscription in accordance with DIN 43 802 


| Measuring elements 5 Types current 














_Type of measuring element symbol | Type of current 


Moving coil measuring element 


with ГГ magnet tat Direct current 
| 







eee = = SS SS kk aaa agan А-а-а тате 


Moving coil measuring element Alternating current 


with rectifier 







| Direct or alternating current 






Moving сон ratio measuring element 





Position | 





Nominal position 
| Vertical | 
Moving iron measuring element 


| ---- Horizontal ГЦ 
| | | 
T 

| 


Electrostatic measuring element | | 
Inclined (e.g.. 60°) 60° 


Test voltage 





ironless Test voltage . | Symbol 


I 
Electrodynámic measuring element, | 





500 V 


» 500 V (e.g. 2 kV) Yi 


| No test voltage 





Table 3: Symbols according to DIN 43 802 X R^ 








Part of Solutions 


Part of Solutions 


Answers to the test questions in Chapter 1 
1. Name the three component parts of an atom 1. Protons 


2. Neutrons 


3. Electrons 


2. Positive charge means: Shortage of electrons 
Negative charge means: Surplus of electrons 
3. Charges which attract are | | like ог x unlike? 
Charges which repel are [х] like or | | unlike? 
4. Name the types of voltage generation 1. By electrolytic isolation 


2. By induction 

3. By heat 

4. By light 

5. By christal deformation 


5. Which elementary particles can move freely in a 
conductor? Electrons 


6. Electric current in metals is the flow of electrons 
Electrons 


7. Inthe case of direct current, electrons flow 
continuously from the minus pole to the plus pole 


8. Inthe case of alternating current, electrons flow іп ал alternating direction 


9. Mixed current is the superimposition of direct and alternating current 
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10. A conductor provides а resistance .. 


to the flow of current. 
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11. The conductance of a conductor has the formula 





symbol 
12. and the unit m 
О. mmt 
13. The resistance in a conductor can be calculated as | 
follows: R= і | 
KA 
14. The current in a network depends on: | 
1. Voltage 


2. Resistance 





15. Ohm's Law states: R= U 
| 
16. DC power can be calculated using the following | 
Тогти!а: P=U1 
17. Power can be measured with a: Wattmeter 


18. In a coil, the fields of the individual windings 
produce a common Magnetic field 


19. Iron in the magnetic field of a coil intensifies the magnetic flux of the coil 


20. When applying a voltage to a pot magnet, the 


armature is drawn into the magnetic field _ 
21. Direct current is blocked 

by á capacitor 
22. A capacitor can store 

an electrical charge 
23. |n an AC circuit, a capacitor acts like a resistor 


А2 
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Answers to the test questions in Chapter 2 


24. 


25. 


26. 


27. 


28. 


29. 


Which German regulation applies as a protection 
measure against excessive contact voltage? 


What voltage is considered to be a dangerous 
contact voltage for persons? 


Which German regulation is valid for equipment up 
to a rated voltage of 1000 V? 


As from which voltage are protective measures 
prescribed? 


In the case of protective measures without 
protective conductor, the device will 
be switched off if a fault occurs. 


Briefly explain the following designations for types 
of protection: 


IP 22 


IP 55 
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Answers to the test questions in Chapter 3 





30. Which terms are commonly used in industry for 


Circuit closing switch: NO contact 
Circuit opening switch: NC contact 
Two-way switch: 
31. Explain the following graphical symbols 


Changeover contact 


Conductor. general 
Earthing, general 
_ | Line joint 

— 


Earthing 


Y Connector socket 


Branching box, distribution box 
Electromagnetically operated switches 
for high powers 


32. Contactors are: 


33. Relays are: 


Electromagnetically operated switches 
for low powers 

34. In circuit diagrams, the relay contacts are always 
drawn in the 


35. Contacts are made of 


de-energized position 


Gold. platinum 
silver, alloys 


36. There are two different types of relay construction: 


Flat relays 
Round relays 
37. Which types of actuation do you recognize? F---- manual operated, general 
E---- operation by pressing 
1 PIS operation by pulling 


operation by turning 
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38. Which types of electric drive are shown here? 


Drive with one winding 


Drive with two compounded 
windings 


Powered mechanism, piston 


pow 


Flasher relay 


39. Against each of the following items of equipment, put in the correct designations in accordance with 


German standard DIN 40 719. 

Transformator T Contactors K 
Switch S Power supply G 
Resistor R Capacitor C 
Measuring џ Р Inductance Г 
instruments 

Motors M terminals K 

40. What are electronic components needed for? For controlling and monitoring 


41. Name the four main circuit diagram 
representations Schematic wiring diagram 


Functional diagram 
Layout diagram 


Construction diagram 
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42. Apply 220 V to two lamps through two switches. 
Draw the functional diagram and the schematic wiring diagram. 


Functional diagram 




















Answers to the test questions in Chapter 4 


43. The momentary measured value is called the 


The specified value is called the 


44. To ensure that a pointer instrument does not display 
erratically, it must be 


45. Name the two most common types of damping for a 
pointer instrument 


№ 


46. Explain the following scale symbols 


(а 
ү 
1 
st 


47. Name some physical quantities that can be 
measured 


48. The four main groups of sensors are 
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49. Describe the two symbols for mechanical 
limit switches. 
| Limit switch with NO contacts 


С) - \ roller lever 


Limit switch with NC contacts 


on и \ toggle lever actuated 


50. A signal generator operated by the magnetic field of 
a permanent magnet operates on the Reed contact principle. 





51. An inductive signalling device is also known as an inductive proximity switch 


52. Inductive signalling devices respond only to Metal 
53. Which electronic units include an inductive signalling 
device? Oscillator 
Flip-flop 
Amplifier 


54. Doesa capacitive signalling device also respond to 
non-metals? Yes 


55. How large must the dielectric constant be in this 
case? >] 


56. Name materials that can be measured by a capaciti- 
ve proximity switch Gasoline 


Water 

Granular material 
Oil 

Flour 


Sugar, etc. 


57. An optical signalling device must have two 
electronic components 1. Transmitter 


2. Receiver 


A8 





58. Name the three principles of optical signalling 
devices 


59. A transmitter usually consists of a 


60. A receiver usually consists of a 


61. Draw the associated symbols 


Pressure transducer 


Thermometer 


Inductive transducer 


Capacitive transducer 


g ty 
Мыу ENTER p Capacitor 
R 
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Measuring instrument 
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1. Light barriers with separate 


transmitter and receiver 


2. Reflected light barriers with 


transmitter and receiver in a 


single housing and a separate reflector 


3. Reflected light switch with 


transmitter and receiver in a 
single housing with the object 


acting as reflector 


light emitting diode (LED) 


phototransistor 
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Answers to the test questions in Chapter 5 


62. Draw an analog signal 


63. Draw a digital signal 





64. With which type of signal does a computer or 
a control system work? Binary-Signal 
| 


65. Convert the following numbers to 


binary numbers 231 11100111 
97 1100001 
123 1111011 
66. Complete the truth table fora "YES" gate E A, | 
0 0 | 
| 


67. Complete the truth table for an "OR" gate 


68. Complete the value table for an "AND" gate 
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73. 


69. 


70. 


71. 


72. 


Answers to the test questions in Chapter 6 


What type of signal will cause a solenoid valve 
to operate? 


A solenoid valve operates with the help of a 


There are two basic valve constructions: 


There are two types of function with a 
3/2-way valve: 


What is the purpose of a manual override? 


74. Describe the principle of a pilot valve 
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A voltage signal 


Coil 


1. Poppet valve 


2. Spool valve 


1. Normally closed valve 


2. Normally open valve 


A manual override makes it possible for a 
serviceman to switch the valve without 
current in the event of a power failure. 


A pilot valve is made up of two valves. Іп 
the lower half there is an air-operated 3/2- 
way spool valve and in the upper half a 3/2- 
way solenoid poppet valve. 


The supply pressure is applied at the seat 
of the 3/2-way solenoid valve through a 
channel in the housing of the spool valve. 
When the solenoid is operated, the seat is 
opened and the applied pressure switches 
the spool valve. 
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75. Draw the symbol for a 5/2-way solenoid valve 
with pilot control unit and manual overrid 
and with spring return. 


== 


WETA 
12 


Юг 


UA 

T A 
| 4 
Г 


1 (P) 





76. Whati 8 the designation of a 3/2-way valve if it 
can be used as a valve for air supply or air 
exhaust? 3 (F4); (1) (Po) 


7 (P4): (3) (Но) 


77. Briefly describe a separate pilot control for a маме /f a valve is to be switched with a low 
pressure (e.g. 1 bar), the pressure is not 
enough to operate the spool which is 
retarded by friction. The separate pilot con- 
trol can overcome the problem. The 
pressure line to the pilot control unit is 
supplied with a higher pressure through a 
separate compressed air port thus allowing 
the piston to switch. 





+ 
= 


78. Мате the most common types of return Юг a valve Mechanical spring 
Internal air spring | 
Pneumatic 


Electromagnetic 


79. What position does an impulse valve assume if it stays in its last position 
a signal is applied to both sides of the valve | 
simultaneously? | 





80. Draw a 6/3-way solenoid valve with pilot control 
units, manual override and spring-centered closed 
central position. | 

14 (Y Y. Er 
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81. Mounting of several valves in one unit is made 
easier by: Manifold mounting 


82. What is the aim of the DIN ISO 5599 standard 
that describes the interface between sub-base The aim of DIN ISO 5599 is to provide the 
and valve? user with the possibility of replacing valves 
irrespective of their make simply by undoing 
fixing screws should a repair be necessary. 


83. Draw the symbol for a pressure switch 
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Exercise 1 


екеніні connection diagram Schematic wiring diagram 





14 (Уі) 
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Pneumatics connection diagram Schematic wiring diagram 


Exercise 





Exercise 3 


Pneumatics connection diagram Schematic wiring diagram 
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Exercise 4 


Pneumatics connection diagram Schematic wiring diagram 





Exercise 5 


Pneumatics connection diagram Schematic wiring diagram 
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Exercise 7 


Path/step ren 








p = 




















Cylinder А S3 Cylinder B | 














Schematic wiring diagram 
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Exercise 8 


Pneumatics connection diagram 














| 
| 
Schematic wiring diagram 
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Exercise 9 





Path/step diagram 








| Қз 
92 За 54 (бс) 

у С2Г = ~ (71 ГМИ! [7 Х LZ] x 
ШЕК» Кз К, Yo Y3 | 
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Exercise 10 


Path/step diagram 
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Exercise 11 
Path/step diagram 
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Exercise 12 


Pneumatics connection diagram 
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Pneumatics connection diagram Schematic wiring diagram 
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Path/step diagram 
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Pneumatics connection diagram 
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Exercise 16 


Schematic wiring diagram 
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Exercise 17 


Schematic wiring diagram 
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Exercise 18 


Path/step diagram 











Pneumatics connection diagram 
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Exercise 18 


Schematic wiring diagram 








| Sos 
Е E - О NG (>-7 МОРА 
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A 
|| O- 
Shakey | Ke | KA "SO"; K4 Ks 
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Sg = Start single cycle 
Sg = Start continuous operation 
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Transformation of a temperature value into a 


voltage 


Sensor 


Manipulated 
variable 


Controller 


Command 
value 





Fig. 47: Schematic arrangement of an automatic 
temperature control system. 


Electrical Control, Operating and Signalling Devices 


4.2 Sensors 


~The term-sensor is used in industry to cover those 


items of equipment which supply signals in one form 
or another to describe the momentary condition of a 
device. 


This status signal can relate to any known physically 
measurable quantity, 


e.g. 
— current 
— voltage 
— temperature 
— weight 
— filling levels 
— velocities 


etc. 


For the open-loop or closed-loop control systems that 
we commonly use, the signal must be in the form of a 
current or a voltage in order for us to process it. 


For this reason, most sensors are transducers which 
transform, for example, a temperature into an electri- 
cal signal that can be processed further. 


We shall now take a look at the four main groups of 
sensors: 


— Mechanically operated signalling devices 
— Inductive signalling devices 
— Capacitive signalling devices 


— Optical signalling devices 
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ЕМТЕ 


wv 
в Ü N 41! Р norama 


f antr 


à а road 
2 Raja Ghaz-ofer NY Kha НОЯ 


No 
Bidg. SADHAR KAR АСЫ! 


47 





Electrical Control, Operating and Signalling Devices 


Mechanical 
limit switch 


Open-loop or 
closed-loop 
control 


4.3 Mechanically operated signalling 
devices 


With the help of a mechanical limit switch, a mechani- 
cally operated signalling device outputs a signal the 
moment a moving body reaches a certain position. 


The signal can be output in various physical states. 
Here too, an electrical signal is preferred. 


4.3.1 Mechanical limit switch 


When the cam passes the point at which the mechani- 
cal limit switch is fitted, the switch is operated and 
sends a signal to the control. 


One problem with this type of device is that the con- 
tacts gradually burn up because an arc is formed with 
each switching operation. 


However, since the limit switch is a low-cost and relia- 
ble device, this principle is very often applied in indus- 


try. 


ee a ——— = 


Symbols for mechanical switching devices 


а 


NG | Limit switch with NO contacts, roller lever actuation | 
ОХ | 


Ax mmc ana ии 


Limit switch with NO contacts, toggle lever actuation 


= 
MINE SS ишин: 





Fig. 49: Functional arrangement of a mechanical limit 
switch, toggle lever actuation. 
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4.3.2 Proximity sensor with reed contact 
(magnetic field switch) 


The reed contact principle allows the problems 
described above to be eliminated completely. 
Because switching takes place in an evacuated 
space, no arc can form. 


The switching operation as such is triggered by a 
magnetic field. 


| We have а very good example of this in pneumatics: 
z the cylinder with magnetic piston. 


If an aluminium tube is used in place of the steel tube 
of a cylinder, the magnetic field can pass through to 
the outside without restriction. 


“ғ 
Ps 


Magnet ring 





Aluminium cylinder tube 


Fig. 50: Pneumatic cylinder with magnetic piston 


The reed contact (usually of encapsulated design) is 
mounted on the cylinder tube. 


When the piston moves in the cylinder, the magnetic 
field causes the reed contact to switch over the 
moment the piston is located beneath it. Most reed 
contacts indicate their switched state by means of an 
additional LED. 


The reed contact is used in particular wherever: 


1. a contaminated environment would impose too 
great a load on a purely mechanical switch; 


2. the space available for installing a switch is too 
small. 
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Ро. 51: Reed contact Note: 


When using a reed contact, it must be ensured that it 
is not located in the proximity of another magnetic field 
because this could cause unintentional switching. 
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| 
! 
| 
= = m — 


Fig. 52: Sectional view of an inductive proximity switch 


















Oscillatory | Ст | 
1 | 







Voltage devider Н 





I 
| 





= > 





Fig. 53: Oscillatory circuit and oscillator symbol 
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4.44 Inductive signalling devices 


Inductive proximity switches are signalling devices 
that offer many advantages: 


— No mechanical force needed 
— Operate even at high switching frequencies 


— Long life 


Essentially, they consists of an oscillator followed by a 
flip-flop in series and a signal amplifier. 


An oscillator is simply an oscillatory circuit made up of 
a coil and a capacitor and energized with its natural 
frequency. 
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A flip-flop is an electronic component which suddenly 
switches the output voltage И, on reaching а thresh- 
old voltage 51 and switches и back-again- on-falling 
below a second threshold value S5. The difference 
between the threshold values S, and 5, is known as 
hysteresis. 







Fig. 54: Input/output voltage diagram for a flip-flop with 
the relevant symbol 


Function 


If we apply a voltage to an inductive transducer, the 
built-in oscillator generates, with the help of an oscilla- 
tor coil, a high-frequency magnetic field which is then 
in the normal state. 


We now move a piece of metal, which is to create the 
triggering action, into this field. 


By induction, this metal now creates an eddy current 


Oscillator which draws energy from the oscillator. 


Flip-flop 






This damps the amplitude of the free oscillations and 
the flip-flop connected in series behind this element 
outputs a signal. 


3 Amplifier 


Fig. 55: Schematic circuit diagram for an inductive proxi- 
mity switch These switches are made both as DC and AC ver- 


sions. 


Inductive proximity switches respond only to metals. 
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БАБА KARACHI — Insensitive to external influences, but sensitive to 


metallic influences 


- The triggering distance must be maintained accu- 
rately 


- Міпітшт spacing required-between-two- proximity 
switches 


— Large hysteresis 


— Expensive compared with mechanical switches 
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Fg. 0 


4.55 Capacitive signalling devices 


See SS aa - аи 
-— Е етоаатанина ў ma — — = 











Capacitive proximity switch | 





A capacitive proximity switch is much more compli- 
cated to use than an inductive one. 


Because of the underlying technical principles, it is | 
very much affected by the environment. Moisture on 

the contact surfaces, for example, can cause errone- 

ous switching. 


But the capacitive proximity switch does have some 
advantages: 


— High resistance to vibration and shock | 
— Responds to all metals 


— ft also responds to materials with a dielectric con- 
stant > 1. 





Fig. 56: Signalling device 


Function 


Like the inductive type, the capacitive proximity switch 
. has ап oscillator which is also based on ап oscillatory 
circuit. 


This oscillator is not, however, in constant oscillation. 
The oscillator starts to oscilate as soon as we 
approach the sensor surface with a metallic or even 
non-metallic object. 


—— 2" 


The sensitivity with which this occurs can be set. 


The oscillations are analysed by an amplifier and 
passed on to subsequent stages, rather as in the 
inductive signalling device. 





The capacitive proximity switch is particularly well 
suited to measurement of filing levels because here 





Fig. 57: Schematic circuit diagram for a capacitive the medium to be measured does not have to be 
proximity switch metal, 
e.g. — gasoline 
— water 


— granular material 
— oil 
— flour 
— sugar 
eic. 


Proximity switches (initiators) can be connected in 
parallel or in series. 
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4.6 Optical signalling devices 


Optical proximity switch 
An optical proximity switch operates on the principle of 
reflection from the medium that enters within its range. 


One advantage is that a large proportion of all materi- 
als, whether electrically conductive or non-conductive, 
will reflect light or prevent it from passing through. 


Three different principles are involved: 


1. Light barriers with separate transmitter and 


Transmitter Receiver TA 


Тһе medium interrupts the flow of light from 2. Reflected light barriers with transmitter and receiver 
in a single housing and a separate reflector. 


| transmitter to receiver. 


3. Reflected light switch, with transmitter and receiver 
in a single housing, where the object to be detected 
acts as reflector (for short spacings and reflecting 
parts). 


Transmitter 


The transmitter is a light emitting diode (LED). 


Receiver 
pansion Reflector The receiver consists of a phototransistor (this regis- 
and receiver ters any light that falls on it). 


| Naturally, suitable amplifier stages are needed in addi- 
| The medium interrupts the reflected beam andthe _ tion to the transmitter and receiver in order to condi- 
| tion the signals. 
| receiver can respond. 

One of the three possibilities can be chosen to suit the 


constructional possibilities. 


Each of the proximity switches described has its own 
particular range of application. 


sug $ ІРА VY 
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Transmitter and receiver 
h а wand 


The medium itself causes reflection and returns the 





beam to the receiver. 


Fig- 58 — Basic principles of optical proximity switches 


Please also refer to the standardized representation 
for proximity switches and signalling devices in Chap- 
ter 9. 
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4.7 Test questions 


43. The momentary measured value is called the ЕЕ: = 


The specified value is called the 


44. To ensure that a pointer instrument does not display 
erratically, it must be 








45. Name the two most common types of damping for a 
pointer instrument 


46. Explain the following scale symbols 


47. Name some physical quantities that can be 
measured 





48. The four main groups of sensors are 


54 


Electrical Control, Operating and Signalling Devices 


49. Describe the two symbols for mechanical limit | 


switches. oT \ 


50. А signal generator operated by the magnetic field of a 
permanent magnet operates on the 


principle. 
51. An inductive signalling device is also known as 
52. Inductive signalling devices respond only to 


53. Which electronic units include an inductive signalling 
device? 


54. Does a capacitive signalling device also respond to 
non-metals? 


55. How large must the dielectric constant be in this 
case? 


56. Name materials that can be measured by a 
capacitive proximity switch 
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57. An-optical.signalling-device-must have-two.electronic 
components 1. 
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58. Name the three principles of optical signalling 
devices 


59. A transmitter usually consists of a 
60. A receiver usually consists of a 


61. Draw the associated symbols 
Pressure transducer 
Thermometer 
Inductive transducer 


Capacitive transducer 


Light signalling device 
Horn 


Measuring instrument 
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5. Analog and Digital Signals 
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5. Analog and Digital Signals 


We are constantly bombarded with these terms. We 
hear such words as 


— digital processing 
- analog amplifier 
— binary logic 
— digital/analog converter 
— analog/digital converter 
— digitalization 

etc. 


Anyone who does not have to work with these terms 
every day will easily get into a sweat. Let us briefly 
look at the origins in order to have a basic understand- 
ing and thus a feel for these terms. 


We distinguish between 


- analog signals - 





and 





Fig. 59: Analog signal 
- digital signals - 


with binary signals representing a particular type of 
digital signal, in other words it is a subgroup of it. 





Fig. 60: Digital signal 
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5.1 Analog signals 


Let us consider the simple example of a filling level 


| 1st example measuring operation. 
A vessel is filled slowly from a slightly opened water 
tap. 
We can: 
A 1. see the complete level in the vessel at any time, 
i.e. the addition of all drops can be seen in total in 
The rise in an existing quantity; 
level is contin- 2. the rise in level of liquid can be read off continu- 


uously visibie 


ously from the side of the vessel. Even the tiniest 
amount of water added would be readable (al- 
though a magnifying glass might be needed). 





Fig. 61: Level measurement 


If we enter this filling operation in a coordinate graph, 
the result would be an analog signal. 


Filling curve 


The important point here is the continuous change in 
the shape of the curve, i.e. there are no sudden step 
changes. The type of curve is of no significance here. 


Filling volume V in | 
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Time tins 





As a second example, let us consider the shape of the 
2nd example curve of our everyday electrical supply, 


e.g. 220 V AC. 


The curve here has the form of a sine function which 
Analog signal varies uniformly from plus to minus and at any one 
moment of time reveals a different but readable value 
(an analog variation). 


Analog signals show not only results but also trace 
just how this has come about. 


АС7т= "Анкета а ситгтеп 


Diagram 7: > Example of an analog signal DC = Direct current 
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5.2 Digital signals 








v EE 






A digital signal can only have a specific value that has 
been determined previously. 
Think of a digital clock: no pointers rotating constantly 


but a digital value which is displayed until a new value 
replaces it. 


You do not see everything, just the momentary value. 
But to come back to our example: 


Here you can see a value. which is valid for a certain 
time rather than the collection of water drops with an 
increasing trend. 


Let us consider representation in steps of 1/10 I. 
The rise in level from 3.5 | to 3.6 | would be indicated 
abruptly. 


The increase that has taken place between these two 
values would be ignored, which means that we have 
digitized the signal. 


The whole business does however have a tremen- 
dous advantage. 


— a eee - 
ee 
= ——— 


TONER ES 


[=] ји 


Fig. 62: Filling level measurement 

















For example, if we want to process a signal in a com- 
puter or in a control loop, this digital signal is available 
to us in an unchanged form for a specific time би 


The system has the opportunity of performing ап oper- 
ation with this value or of displaying it. 


Time tins 





Diagram 8: Example of a digital signal 
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Analog and Digital Signals 


5.3 Binary signals 


If an analog signal or a digital signal is to Бе 
processed in a data processing system or in a control 
system, we encounter the following problem: 


The signal to be processed is made up of a large 
number of separate items of data. A data memory in a 
control, however, understands only two states: 


О - no 


1 = yes 


We аге forced to гесоде the digital signal into a signal 
that the control understands. 


Binary code 


A value such as "354" is to be converted to binary 
code. 


Write a series of numbers from right to left, starting 
with 1, and with each new number being double the 
number before. 





<- 256 128 64 32 16 8 4 2 1 


У | 


ee 





Now find the numbers which when added together 


= result in the number "354". 
GPR we ENTERPRISES up 


v 
41! рогата (I, YOU mark each of the required numbers with "1" 
| m (yes) and the remainder of the numbers (which are not 
The number 354 is еф Мајен 2 Raje (hazan bit ар Фо | . 
| SADDAR К required) w 0" (no), then you will have a binary 
to the binary code | АНА Н 


г 
С 


256 + 64 + 32 + 2 


A memory location is provided in the control's memory 
for each of the values "1" or "O". 





You are now able to process the binary value which is 


fig. 63: Conversion of a value to binary code defined in memory. 


After processing, the results must again be converted 
to a digital value which can then be displayed. 
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5.4 Logic functions 


_|n_any control, it can happen that logic operations аге | 
to be performed on binary. signals so that the results 
can be transferred. 


These logic functions have been standardized. 


We should get to know some of them. 


The "YES" gate (identity) 


| we apply signals to "E4", the following truth table 
results for A. 





This can be expressed in an equation 
E4 =A] 


The "NO" gate (negation) 


This logic gate is also known as the "negation gate" 





Truth table 








=== - = i “ән” Ly 
p ————— "A EN - — 


Fig. 65: Logic symbol of a "NO" gate (negation) 





Equation 


(no Ey, then A4) 
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и АИ 


The "AND" gate (conjunction) 


Truth table 





Fig. 66: Logic symbol of an "AND" gate (conjunction) 





Equation 


Ey a Eo =Å} 


(if E4 and Es, then A4) 


The "OR" gate (disjunction) 


Truth table 





Fig. 67: Logic symbol of an "OR" gate (disjunction) 





Equation 
E4 V Eo = А; 
(it E4 or Es then Ач) 
BUN 
N v TO ERPRISES рду 
қ 411 Panorama Себе. | 
148. No. 2 Raja Ghazanfa Note: 


F ui Khan p 
SAD ead | 
DAR КАКАС Н These equations and the explanations to come from 


boolean algebra. 


м 
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Analog and Digital Signals 


5.5 Test questions 


62. 


63. 


64. 


65. 


66. 


67. 


68. 
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Draw an analog signal 


Draw a digital signal 





With which type of signal does a computer or a 
control system work? 


Convert the following numbers to binary numbers 


231 
97 
123 


Complete the value table for а "YES" gate 


Complete the value table for an "OR" gate 


a ipa: Ж 


Complete the value table for an "AND" gate 
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Electropneumatic Devices 





Pneumatic, mechanical or manual 
signal 


| 


Control section 
Valve 


Energy section 
Cylinder 


Fig. 68: Pneumatics 


Electrical signal 


Control section 
Solenoid valve 





Energy section 
Cylinder 


Fig. 69: Electropneumatics 
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6.  Electropneumatic Devices 


6.1  Theelectropneumatic transducer 


In the "Pneumatic Trainer 1" course, a detailed 
description is given as to how it is possible to switch 
and control compressed air with the help of pneumatic 
valves in such a way as to allow cylinders to perform 
mechanical work. We distinguish between energy sec- 
tion and control section. 


Any control signals that are needed are created here 
only by means of pneumatic, mechanical or manual 
operations. 


As one can imagine, these control signals (input sig- 
nals) do not suffice on their own in present-day control 
technology. 


Electrical quantities such as current and voltage must 
also be interpreted as input signals. 


This means that it must be possible to transform an 
electrical signal into a pneumatic signal. 


This is achieved by means of: 


- electropneumatic transducers - 
(E/P transducers) 


We have already learnt that it is possible to create an 
electromagnetic field with the help of a coil. 


If an armature is in this field then it is drawn into the 
coil after the field has been built up. 


We generate electrical energy and convert it to 


| mechanical energy. _ 


The same thing happens in a 


- solenoid valve -. 


In order to understand what happens in a solenoid 
valve, we shall now look into this topic in more detail. 








2 (A) 1 (P) 
3 (R) 


2 (A) 1 (Р) 


Vent (R) 
Solenoid (Coil) 


Upper sealing seat 


port (P) 
8 Working line port (A) 


9 Electrical connection 
Armature 


Spring 
2 (А) 


СА ДАМ W 


T(P) (В) 


Lower sealing seat 





Fig. 70 Sectional view of an electromagnetically operated 
poppet valve with associated symbol 
а) not actuated b) actuated 


7 Compressed air supply 


Electropneumatic Devices 


6.2 Solenoid valves 


T [his figure shows a 3/2-way solenoid valve. 


Function 


In the non-operated position of the valve, the armature 
(4) is pressed against the lower sealing seat (6) by 
means of a spring (5). 


Port P (7) is thus closed. 

Let us recall the designations of compressed air ports: 
P = compressed air supply 
A = working line 
R = vent 


In this position (P = closed) working line A (8) is 
connected with venting line R (1). 


If we now apply voltage to coil (2), the current flowing 
through it creates a magnetic field which draws the 
armature (4) into the coil. 


The lower sealing seat (6) is opened and the upper 
seat (3) is closed. 


This means that R is now closed and À is joined to P. 


The valve is then in the switched position. It would 
thus be possible to supply air pressure to a cylinder 
through path P-A. 


This type of valve is known as a 
- poppet valve -. 
A valve with this type of function is also known as a 
- normally closed (NC) poppet valve -. 


The circuit diagram shows how the valve is switched 
and how it is operated, in this case with a simple coil. 
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2(A) 1(P) 
3 (R 2 
z (R) 
b) 3 
11 4 
5 
10 6 
8 
2 (А) 1(P) 
1 Vent 8 ‘Compressed air 


supply port (P) 


at Norking line port (A 


2 Solenoid (Coil) 


alata ate И м Ел 
ме КЕ ы Audi Mat = v s 


4 Aarmature 
5 Spring 


6 Screw for 
manual override 


7 Cam for 
manual override 


10 Lower sealing seat 


11 Electrical connection 





Fig. 71: Sectional view of an electromagnetically operated 
poppet valve with manual overrid and relevant 
symbol 
а) not actuated b) actuated 
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Note: The ports on pneumatic devices are labelled 
so that they can be referred to without misun- 
derstanding.-in.all..technical..documentation: 
The alphabetic characters used in the past are 
in future to be replaced by digits. This has 
been decided in the provisional CETOP rec- 
ommendation RP 68 P which came into effect 
on 1 June, 1985. An ISO standard is currently 
being revised. All inch connecting threads are 
made in accordance with ISO 228/1. 


Ports as specified Previous Name of port 


in RP 68 P designation 

1 P Compressed air port 
2,4,6 A,B,C Working port 

3,5,7 R,S,T Vent port 

10, 12, 14 X,Y,Z Control port 


In this coursebook, the previous designations are 
placed in brackets behind the designations in accor- 
dance with RP 68 P (see Fig. 70). 


Manual override 


Disturbances can occur in ап electropneumatic 
system. 


Let us assume that the power has failed in our 
system. 


All electropneumatic valves can no longer be oper- 
ated. 


Іп order to prevent accidents from occurring and in 
order to allow the serviceman to operate the valve 
even without electrical power, the manufacturers of 
such valves have incorporated a 


- manual override - 
in the valve. 
With this arrangement, the valve can be made to 
switch mechanically. 
Function 


A screw is situated in the valve body and can be | 
turned from outside. 


A switching cam (7) is located at the end of the screw. 


If the screw is rotated through 180°, the cam lifts the 
armature (4) and opens the lower sealing seat (10). 
The connection between channel P and channel A 
has been established. 


When the screw is turned, the same function is per- 
formed as when voltage is applied to the coil. The 
armature moves upwards and the lower seat is 
opened. 




















Electropneumatic Devices 


If the manual override knob on a solenoid valve is 
operated by an unauthorized person in normal opera- 
— tion, the results с сап ре e very serious 








€———— ÉD — MM á ——— 


For this reason, a possibility must ist be provided of 
allowing the user to decide in which way he wishes to 
operate the valve mechanically in an emergency. 











а == =, 


Mannesmann Rexroth Pneumatik GmbH makes use 
of the following solution: 


A manual override with three removable segments to 
allow a choice of actuating means. 


Function 
(1) Actuation by pressing, can be latched by turning 


(2) Segment | is taken off! 
Actuation by pressing, no turning possible, not 
latchable 


(3) Segment II is taken off! 
Actuation only by pressing with tool possible, no 
turning possible, not latchable. 


(4) Segment Ш is taken off! 
Actuation by tool (screwdriver) possible, can be 
latched again by turning. 





Fig. 72: Multiple function of the manual override device 
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6.2.1 Spool valve 


Valves with a bore greater than 4 тт аге usually 
made as spool valves rather than as poppet valves. 


Function 


Let us consider the spool (1). Its axis is located in the 
same plane as that of the armature axis (2). 


Would it not be possible to simply join the armature 
and the spool in order to switch? 


- In principle, yes -. 


But the spool in a valve is sealed and located in bear- 
ings. When switching, it must be moved against these 
resisting forces. In order to be able to produce the 
necessary force, an oversize solenoid would have to 
be mounted on the valve. 


We must therefore find another solution in order to be 
able to operate a spool in the valve with a relatively 
small coil and a small armature: 


- The pilot control valve - 


| 1 Spool 


————— 





Fig. 73 Spool valve 
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| а) | 
QUE 6 
ГЕ 5 
: ма :: 
БЕ сЕ 
З 
З (А) 
2 (А) 
1 (Р) -2 
1 
7 
b) 
6 
ds 5 
ма 
ос 
3 
2 
1 
1 Spool valve 5 Pilot control unit 
2 Channel. -6 Armature Е 
"3. Spool. = --7Сой- 


4 Sealing seat 


1(P)! 13(R) 


Fig. 74 Pilot controlled 3/2-way solenoid valve with auxiliary 
manual operation a) not actuated b) actuated 
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6.2.2 Pilot valve 


A pilot control:valve is made up of two valves: 


In the lower part there is an air-operated 3/2-way 
spool valve and in the upper part a 3/2-way solenoid 
valve of the poppet type. 


The latter is called a 


- pilot valve -. 


Function 


The compressed air port P is joined to the pilot control 
unit (5) through a channel (2) in the housing of the 
spool valve (1). If we apply compressed air to P when 
in operation, this air is automatically taken to the pilot 
control unit (5). 


If voltage is applied to the solenoid valve, the arma- 
ture (6) is drawn into the coil (7) and the seat (4) is 
opened. The compressed air can flow directly into the 
spool chamber. If the pressure is large enough, the 
spool (3) is moved and opens the line from P to A. 


The advantage of this construction principle is that 
large spools for valves with large nominal diameters 
can be operated with small coils by means of a pilot 
control. 
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6.2.3 Normally closed and normally open valves 


We have already learned about valves which connect 
pressure line P to working line A when operated. This 
means that, in the non-operated state, working line A 
is depressurized and when the valve has been oper- 
ated it is then pressurized. 


Valves operating on this principle are known as 
- normally closed vaives - 
or, by international agreement, 


- NC valves - 
(i.e. the designation NC is used internationally) 


because the connection between P and A is closed in 
the non-operated state (after actuation, the valve is 1 
pressurized). 





There are applications in which the connection 
between P and A must be open in the normal state (= 
non-operated state) in order, for example, to allow a 
cylinder to remain in the extended position without the | 

{ 












valve being operated. These valves are known as 


- normally open valves - 


Or 






- NO valves - 


because in the non-operated state the connection 
between P and A is open (after actuation, the port is 
depressurized). 
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Fig. 76 Normally open (NO) valve 





га 


1 (P4) 
(3) (R2) 


1 (P1) 
(3) (Ro) 





Fig. 77 3/2-way dual function solenoid valve 
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Since the spools on 3/2-way valves are mechanically 
symmetrical, most of the valves can be used both as a 


- normally closed valve (NC) - 


and as a 
- normally open valve (NO) -. 
Two requirements must be satisfied here: 


1. Ports P and R are interchangeable (R musi also 
have a threaded port). 


2. The valve must be marked by the manufacturer as 
being suitable for this purpose. 


Marking: 


If dual function is possible (for the designations given 
so far) ports P and R on the valve must also be indi- 
cated by means of indices 1 and 2 and are therefore 
marked P,, Ро; Ry, Ro. 


When designating with digits in accordance with RP 
68 P (as mentioned in Section 6.2), digit 1 is used for 
Р, and P, and digit 3 for А, and Но. 


Normally closed valve 


The ports have index 1 (P,, R,); the applicable num- 
ber is put in front of this: 


1 (P4); 3 (Ry). 


Normally open valve 


The ports have index 2 (P5, R5); the applicable num- 
ber is put in brackets in front of this: 


(1) (Po); (3) (Ro). 


This dual function increases the number of possible 
applications of a valve. 


In this case, it is not necessary to re-equip the valve to 
change it from the normally closed to the normally 
open type. 
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2 Separate compressed air port 





3 Spool 


Fig. 78: 3/2-way solenoid valve with separate pilot control 
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6.2.4 Separate pilot control 


Compressed air is taken from port P to the pilot valve 
where it moves the spool by operating the pilot valve. 


Let us examine an application in which a valve is to 
switch at a pressure of 1 bar. 


In this case, only 1 bar would be applied to the spool 
as well. This pressure is not sufficient to actuate the 
spool which is retarded by friction. 


Here a 
- separate pilot control - 


can remedy this. 


Function 


The connection between pressure line P and the pilot 
control unit is physically closed by a plug (1). On the 
pilot contro! unit, there is a separate port for com- 
pressed air (2) and air with a higher pressure can be 
supplied to this. When the solenoid is operated, the 
higher separately applied pressure is supplied to the 
spool (3). The spool can now be moved from one 
position to the other again. 


The operating pressure of 1 bar is now switched with- 
out difficulty from P to A. 







Fig. 79: 


Fig. 80: 


a) Mechanical spring 


1 Spring 





3/2-way solenoid valve with mechanical return 


b) Internal air spring 


x 


к. 


1 


4 


1 Face area | 


2 Face area 2 


3 Spool 


4 Space behind. 
face area 1 





3/2-way solenoid valve with return by internal air 
spring 
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6.2.5 Returning the valve spool 


When-the-valve-is-switched-back;-the-spool-must-be 
brought to its initial position by means of a force. 


We have different possibilities here: 
a) Return by mechanical spring 


The spool is pushed back to its initial position by the 
force exerted by a spring (1) built into the housing 
after the pressure on the spool has dropped off. 


b) Return by internal air spring 


In this case, the two surfaces (1) and (2) of the spool 
(3) are supplied with pressure from port P. If the pilot 
valve solenoid is no longer actuated, the space (4) 
behind the surface 1 (1) of the spool is depressurized. 
The pressure that is still applied at surface 2 (2) 
causes the spool (3) to return. In order to ensure rapid 
switching when the valve is operated, surface 1 has a 
larger area than surface 2. 


When returning, there are no problems because sur- 

face 1 has no pressure applied to it. 
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411 Р богата “ ante , 

Bldg. No.2 Raja Ghaz nf м!” ve^ 
SADBAR KARAS Hi 


75 


Electropneumatic Devices 


c) Pneumatic return 


As in the case of return by the internal air spring, the 
surface 2 is subjected to pressure but with the differ- 
ence that the return pressure is applied from an exter- 
nal source (Y). 





This variant has the advantage of allowing low operat- 
ing pressures to be used. 





Fig. 81 3/2-мау valve with pneumatic return 


6.2.6 5/2-way solenoid valves 


A 5/2-way valve is needed in order to be able to oper- 
ate a double-acting cylinder. 


4(A) 2 (B) A spool is also used in these valves. 


Pilot control as well as operation and return of the 
spool are identical here to the 3/2-way valve principle. 





5 (R)| 3 (S) The 
1 (P) 


- impulse valve - 


is a particular type of 5/2-way solenoid valve. | 





Fig. 82 — 5/2-way solenoid valve 
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5/2-way impulse solenoid valve 
a) solenoid b actuated b) solenoid a actuated 
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P4; Ay, Ry, and Po, Ao, Ro port designations for 
the pilot control valves 


valve 





Fig. 84: Detailed symbol for the 5/2-way impulse solenoid 
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In this valve, there is a pilot control unit on each side 
that can be operated electrically. 


іде "a^ is-to be operated, a single switching pulse is 
sufficient to bring the spool into its switched position. 
The spool remains in this position until a pulse is 
applied to side "b". 


What happens if both sides (а" and "b") are supplied 
with a signal at the same time? 


The valve is so designed that if "a" and "b" are oper- 
ated simultaneously then the spool will retain its last 
switched position in order to ensure clearly defined 
switching states. 


Note: In 4/2, 5/2 and 5/2-way valves, the digits used 
for designating the ports are different. 
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Fig. 85: 
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Detailed ngang 


„ Ар, Ro ports on the pilot 
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6.2.7 5/3-way solenoid valves 


ни 22 ————— oe 


As іп the: case of mechanicaily actuated valves, sole- 
noid valves also have variants that can have 3 posi- 
tions. 


The principle of design is identical to that of the valves 
described already (pilot control unit, actuation, return). 
With this type of valve, a defined central position of 
the valve is forced by additional springs if neither of 
the two pilot control units is powered electrically or if 
the two pilot controlled units are actuated simultane- 
ously. 
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6.2.8 Special solenoid valves 








H- — |ndustry-calls-for-valves-with:- = 





1. high switching performance and life 
2. smallest possible size with large flow rate. 


In order to satisfy these requirements, special types of 
valves have been developed. Let us take a look at the 
construction principles of three valves made by 
Mannesmann Rexroth Pneumatik GmbH. 








1. Valve type 840 
2. Valve type 740 
3. Valve type ISO Ceram 





Fig. 87: Valve type 840 
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| Fig. 88: Valve type 740 
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Fig. 89: Valve type ISO Ceram 
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Fig. 90: Valve type 740 

















Fig. 91: Construction of valve type 740 
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Fig. 92 an exhaust throttle (pè 740) 
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6.2.8.1 Valves type 740/840 


These-are-plastic-valve-systems-with-modular-base- 
plates. 


Thermoplastics are used in these valves. 


The space needed for air channels and bypasses has 
been optimized here. 


The size and weight of the valves are relatively small 
compared with the flow rate. 


The integrally moulded pipe connections and inte- 
grated exhaust air throttles (type 740) result in advan- 
tages such as improved reliability in operation 
because less leakage can occur at the threaded con- 
nections. 


The use of plastics allows components of much 
greater complexity to be made and in total this leads 
to a reduction of parts compared with functionally 
comparable valves of conventional design, and at the 
same time they are easier to service. 


The thermoplastics used are resistant to chemicals 
which means that they can be used in aggressive 
chemical environments. 


Areas of application: 
- Food industry 
- Control cabinets 


- Plants that operate in aggressive chemical environ- 
ments 


The valves can be used as single valves but they can 
also be mounted as single segments on multiple mani- 
fold mountings. 


The individual manifold mountings can be snapped 
together. 


The valves are joined with the manifolds completely 
airtight without threaded connection simply by operat- 
ing a latcn. 


Any spare locations on the manifold can be closed by 
dummy flanges made of plastic. 


There is no limit to the number of valves that can be 
arranged in this way provided the cross-section for the 
compressed air is sufficient and the static load can be 
coped with by means of suitable fixing arrangements. 
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The manifolds can either be bolted onto a carrier plate 

or mounted on a DIN section rai! of the type used in 
control cabinet construction. 

The manifold system for valves of type 840 is also of 
modular design. 


(арте таа aaa 


Depending оп the requirements, a various number of 
valves can be joined together. 





Fig. 93: Manifold system 





Fig. 94: Clip mounting 
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4 Cable duct 
5 Cable channel 


1 Protective conductor 
2 Frame conductor 


3 Connecting cables 6 Spring clamp _ 





Fig. 95: Electrical connection of the manifold system 


type 840 қ 





Fig. 96: Manifold system type 840 with cable conduit 
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In order to simplify the electrical installation as far as 
possible, a wireway system has been developed 
which...considerably..simplifies..the..connection..of..the 
solenoid valves when assembled in:series: 


Protective conductor (1) and frame conductor (2) are 
plugged centrally onto the first wireway element and 
connected through from there to the other element. 


The connecting cables (3) for the various solenoid 
valves are grouped together in a cable duct (4) and 
protected by the cable channel (5). 


In order to be able to connect the individual solenoids, 
the cable channel of the element to be wired is hinged 
open and the spring clamp (6) is forced open with a 
screwdriver. 


The required conductor is pushed into the open spring 
clamp (6) which automatically closes again after the 
screwdriver has been removed. 


By using plastics, there is a considerable overall 
reduction in the number of components compared with 
conventional designs. 


Together with the good form and positional tolerances 
that can be achieved with moulded parts, long-life high 
quality-elements result. 
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6.2.8.2 ISO Ceram valve 





= —TFhis-typerof-valve-isza-5/2-way-or-5/3-way-valwve-wiih——- 
= port pattern in accordance with DIN ISO 5599, with 
pneumatic or electromagnetic actuation. 


The standard DIN 15О 5599 describes the interface 
between manifold and pneumatic valve for certain 
valve sizes. The aim of this standard is to provide the 
user with the possibility of replacing valves irrespec- 
tive of their make simply by undoing fixing screws 
should a repair be necessary. 








-ie 














— pm = 2. — — — Би „лл 


Fig. 97: Valve type ISO Ceram 


In order to satisfy the requirements for a low failure 
rate to a far greater degree than in the case of con- 
ventional pneumatic valves, a flat slide made of 
ceramics is used in the ISO Ceram valve. 


The ceramic slide is made with particular precision 
and is pressure-tight without the use of elastomer 
seals. 





It can be used with non-lubricated compressed air 
without being subjected to wear. 


Ceramics are used in this case in order to reduce 
wear and offer further advantages such as resistance 
to temperature and chemicals so that further applica- 

=> tions of this material in pneumatics is definitely worth 
E considering for other areas of application as well. 




















Fig. 98: 5/2-мау solenoid valve ISO Ceram, single-sided 
electromagnetic actuation 


























Fig. 99: 5/2-way solenoid valve ISO Ceram, double-sided 
electromagnetic actuation 
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Particular features of this valve are the possibility of 
providing external pilot control and the possibility of 
two-pressure. operation- (ports--3-and-5- can-be-con- 
nected to different pressures). 








4 (A) 2 AS) 


шай! 
МВ LS! 


5 (R) ШТІ 3 (5) 


1 (Р) 





Fig. 100: Schematic drawing 
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6.3  E/P transducers 
(pressure control valves) 
Electropneumatic transducers transform an electrical 





























signal into a pneumatic signal. 
We have already become acquainted with devices 
that act on this principle: 
- solenoid valves -. 
When a voltage is applied, pneumatic pressure is 





switched through. 
Much higher demands are placed on E/P transducers 
which must convert varying voltages or signals into 


- - – | re 
ы ^ 57 а 4 ji 
эщ zi 4 1 
ғ | Җ „А “ых 1 яғ 
еі Жыл кн PIE 


LI 
ДА 


corresponding pressures. 
Let us take a look at two variants: 
1. the "binary" driven pressure control valve, and 
2. the “analog” driven pressure control valve. 
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"Binary" driven electropneumatic pressure control 





Fig. 102: 
valve 














"Analog" driven electropneumatic pressure 


Fig. 103: 
control valve 
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| 2 Pistons 
3 Springs 
4 Control piston 





Bild 104: Schematic drawing 
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6.3.1 "Binary" driven E/P transducers 


This type of transducer is driven by a "binary" coded 
signal. 


Compressed air is applied to various piston combina- 
tions via six solenoid valves (1) in accordance with the 
binary code. 


The springs (3) are loaded by the pistons (2). 


The sum of the spring forces is applied to the control 
piston (4) of the pressure control valve and thus forms 
the command value for the pressure control operation. 


A working pressure is obtained that is proportional to 
the spring forces and which adjusts to the command 
value in 64 steps. 


When air is removed, the pressure control valve 
responds and the required air volume is supplied. 
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Ааа 





А in bar 



















зет пъ Ат 
| 


||8 16 24 32 40 48 56 64 
Pilot in bit 





= 


ressure 









R 


! 


* max. parallel shift 





Pressure increase 
per bit = 0,125 bar 





Characteristic curve for pressure control 
operation of "binary" operated E/P 
transducer 


Diagram 9: 





Fig. 105: Electropneumatic pressure control valve, size 7, 
analog operated 


6.3.2 Size 7 analog operated E/P transducer 


In order to prevent a step rise in pressure at the output 
of the transducer, the analog-operated E/P transducer 
was developed. Its control accuracy is far better than 
that of the "binary"-operated type. The command 
value to the input can be one of the following 
quantities: 


— current 
— voltage 


— resistance 


ry 
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Function 
The actual value of the pneumatic output pressure is 
transformed into a voltage О... that is proportional 


to the pressure and compared with the electrical input 
signal in the differential amplifier V,. This supplies a 


voltage signal that is proportional to the difference 
between the command and actual values and which 
determines the direction of the deviation. 


This is followed by triggers (Т, апа To) which operate 


at specific voltage values and activate the solenoid 
valves М. and M, via power amplifiers (V^ and V,). 


Consequently, the pressure at the relay valve port 
changes together with the pressure in the working line 


Se, Си ЧЕ С К ЕР" 
„ыыы ы ыыы од Лы Е Мы М” М Мм FL CF 2 (А) Е 
* EAL Хы ааа 2 


к кшш 


At the same time, the voltage Џоа changes pro- 
portionally. 


The pressure in line 2 (A) ceases to change when the 
voltage reaches the command value. 


To prevent the pressure from overshooting the desired 
value, the solenoid valves are driven by the pulses 
М ; from-a clock pulse generator "С": 

B Pressure sensor M4, Мо --:Solenoid valves | 


G Clock generator Т. То Triggers |) - pulse duration control - 
| V4..V4 Amplifiers | 





Supply pressure 
3 (В) ^ | 1 (P) 


= | 


nee valve 


Actual | 
value | 
| 


(3 - 
Output 


——- 





B Pressure sensor M4, Мо Solenoid valves — V4..V4 Amplifiers | 
G Clock generator T4,To Triggers Output pressure 





Fig. 107: Schematic drawing 
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Fig. 109: Schematic drawing 


pressure sensor can be placed externally. | 
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If, for reasons of control precision, the pressure 
outside the device is to be measured, then the 


~The choice between controlling by current, voltage or 


resistance is made by different assignments on the 
connector terminals and by resetting the electronics 
card. 


To satisfy the need for compact E/P transducers, 
Mannesmann Rexroth Pneumatik GmbH has 
developed a size 4 E/P transducer. 


Based on the same operating principle as the size 7 
analog E/P transducer, this extremely compact device 
is able to control pressures of 0 to 7 bar as a function 
of the electronic input signal. 


The electronic control board card integrated in this 
device is of the SMT (Surface Mounted Technology) 
design. Only since introducing this technology has it 
been possible to integrate the control electronics 
within the small amount of space available in this 
device. 
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| 
- 
b = 











1 Spring 






Г 
| 


2 Screw 


HE 
| a 


3 Rocker 


4 Plunger 


Fig. 110: Schematic drawing of a pressure switch 


Fig. 111: Pressure switch with diaphragm sensor system 


Fig. 112: Circuit symbols 
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6.4 P/E transducers 
(pressure switches) 


Up to this part in the course, we have learned of sys- 
tems that convert an electrical signal into a pneumatic 
signal, as in the case of the solenoid valve. 


But the reverse can also happen: 


In a pneumatic control, a pressure has built up at a 
certain point of time and this pressure must be sig- 
nalled back to the electronic control system. 


This means that the pressure must be converted to an 
electrical signal. 


In this case, we make use of a pressure switch that 
closes a contact at a preset pressure (as in a switch). 


An electrical signal is supplied to the control. 


P/E transducers or pressure switches are important 
components in pneumatics and they supply return or 
acknowledgement signals to the control. 


Function 


The rocker (3) is kept under pressure in the position 
drawn by means of a spring (1) whose force can be 
varied by means of a screw (2). 


If the air pressure acting on the plunger (4) exceeds 
the spring force acting on the rocker, the rocker is 
lifted up against the spring force and the contact (5) 
operates. 


— = = —— M— —— Е = == ee ee M си — 
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6.5 Positioning systems 


--- ——— 


—Developments- in-electronies- are-proceeding-at-an 
ever increasing pace. Systems are becoming more 
accurate and increasingly rapid. 


It is very difficult for the mechanical components to 
keep step with this development. 


Nonetheless, manufacturers are compelled to offer 
drive systems that operate more accurately. 


If we take a look at the pneumatic cylinder sector, an 
important innovation can be seen here too. 


With the help of the latest electronics and suitably 
adapted position measuring systems, it is possible for 
cylinders to be positioned with increasing accuracy. 


Fig. 113: Positioning system with magnetic field position | would be well beyond the scope of this course to 
sensors consider all new systems. But to give some idea as to 


which solutions are expected by industry, two exam- 
ples can be mentioned here. 





1. Positioning system with magnetic field position sen- 
sor 


2. Positioning system with potentiometer position sen- 





sor 
Fig. 114: Positioning system with potentiometer position 
sensors 
$ O Мм у E 
4! | Р R 
Bide ~ 2n Morama г. ! ES ip, ej 
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6.5.1 Positioning systems with magnetic field 
position sensors 


мег =a 


There are many applications in the automation sector 
where it is necessary to approach a number of posi- 
tions with a pneumatic cylinder in accordance with an 
input signal without any particular positioning accuracy 
being required. 


The positioning system with magnetic field position 
sensor satisfies this requirement. In this system, a 
double-acting pneumatic cylinder (1) with magnetic 
piston, a position sensor (3) and a 5/3-way valve (2) 
are matched in such a way, that, together with an 
electronic controller, they form a positioning unit. 


сонан The magnetic position sensor is made up of a number 


of reed contacts that are mounted on the cylinder side. 


5(R)| i |3(S) 


Voy 
The cylinder piston has a permanent magnet ring 


whose magnetic field switches the reed contacts in 
accordance with its position. 


The positioning accuracy depends on the number of 
reed contacts. 





Bracing sensor | The magnetic field position sensors transfer in small 

= == 1 steps а DC signal, which is proportional to the stroke 

Fig. 115: Schematic arrangement of a positioning system of the cylinder, as an actual value to the electronic 
with magnetic field position sensors. controller which compares this value with its command 


value obtained from an external source and which 
controls the 5/3-way valve through its output. 


This valve meters the compressed air into the cylinder 
chambers according to the prevailing command/actual 
value differences. == 


| ж Safety functions such as stopping the piston rod ог 
‘= | allowing it to travel in or out should the supply voltage 


(гі: ОН | кене | [ишш E E fail can be implemented in conjunction with the asso- 
ЕЛЕСІ 


ciated controller. 





Fig. 116: Double-acting cylinder with magnetic field 
position sensors. 
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Low speed valves Piston rod 


Additional Electrical connection 


high speed valve > 
position sensor 





Fig. 117: Positioning system with potentiometer position 
sensors 





Fig. 118: Electronic controller for mounting in control 
cabinets 





Fig. 119: Electronic controller separate 


ае m NE. ж- 


for the potentiometer | 


6.5.2 Positioning systems with potentiometer 
position sensors 


This ayer satisfies more uero demands in 
terms of positioning accuracy and velocity. 


The pneumatic cylinder has a linear potentiometer 
integrated in the piston rod (3) for measuring the 
actual value and it also has low speed valves (1). It 
can be equipped additionally with a high speed valve 
(2). The electronic controller that belongs to it can be 
obtained in two versions, firstly for installing in control 
cabinets (Fig. 116) and secondly as a separate device 
(Fig. 117). As in the system described previously, the 
set/actual value difference formed by the controller is 
corrected to zero and, depending on the difference, ei- 
ther the high speed valve or the low speed valve 
assembly is activated. 


The positioning system can also be equipped with an 
electromagnetic brake in order to hold the piston rod 
in position in spite of load changes and in order to 
improve the positioning quality especially where 
greater cylinder lengths are concerned. 
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6.6 Test questions 


69. What type of signal will cause а solenoid valve 
to operate? 


70. A solenoid valve operates with the help of a 


71. There are two basic valve constructions: 


72. There are two types of function with a 
3/2-way valve: 


73. What is the purpose of a manual override? 


a ыа mmn —— —m— a 


74. Describe the principle of a pilot valve 
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| 
| 
| 
| 
| 
| 
| 


| 
| 
| 
| 
| 
| 
| 
| 


75. Draw the symbol for a 5/2-way solenoid valve 
with pilot control unit and manual override 
operation and with spring return. 





76. What is the designation of a 3/2-way valve if it can 
be used as a valve for air supply or air exhaust? 


77. Briefly describe a separate pilot control for a valve 
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78. Name the most common types of return for a valve 


79. What position does an impulse valve assume 
if a signal is applied to both sides of the valve 
simultaneously? 


80. Draw a 5/3-way solenoid valve with pilot control 
units, manual override and spring- 
centered closed central position. 


81. Mounting of several valves in one unit is made 
easier by: 


82. What is the aim of the DIN ISO 5599 standard 
that describes the interface between manifold 
and valve? 


83. Draw the symbol for a pressure switch 
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7. Exercises to Electropneumatic Control Engineering 


7.1 Examples ................. MARRON DUREE UN ORAE озени KOCH NIS vas berets AER AR OR əм 98 


7.2 Ехегсіѕеѕ ....................................9.9Шшіи; аз 102 
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Fig. 120: Laboratory trolley 
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7. Exercises to Electropneumatic 
Control Engineering 


7.1 Examples 


In this chapter, you will have a chance to convert theo- 
retical knowledge to practical. 


The exercises which follow comply, like the entire 
course, with the guidelines of the BiBB (Bundesinstitut 
fur Berufsausbildung Berlin - Federal Institute for 
Vocational Training, Berlin). 


All these exercises can be constructed with the help of 
the Mannesmann Rexroth Pneumatik GmbH training 
system in a realistical industria! form on a laboratory 
trolley that has been specially designed for this pur- 
pose. 


The training system includes the following: 


— Laboratory trolley 
1 or 2 workplaces 


— Sets of equipment in accordance with BiBB 
- Pneumatics (exercises 1-16) 
- Electropneumatics (exercises 1-16) 


— Supplementary set of pneumatic parts for addi- 
tional exercises 


— Textbooks 
- Pneumatic Trainer Volume 1, 
Basic Pneumatics 
- Pneumatic Trainer Volume 2, 
Electro-Pneumatics (this book) 


— Collection of overhead transparencies 
- Pneumatics 
- Electropneumatics 


- Sectional models 
- Pneumatics 
- Electropneumatics 


— Seminars 


о round of our training programme, a variety of semi- _ 
nars are held in our company on the subject of "Con- 
trol Engineering". 


- We wish you every success - 





—— Description: of problem. = 
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Example exercise 


— — ис —— — = виниле ~ =—- = 


А double-acting Pinder is to travel out on peering a КОЕП ПЕ switch за and it is to remain in the extended 
position until pushbutton switch S, is operated. 


Attention: S, is only operated briefly (pushbutton). 
Make use of a 5/2-way solenoid valve with spring return. 


Draw the pneumatics connection diagram and the schematic wiring diagram. 
Design a workable circuit. 


$ 


| Pneumatics connection ia = 





| Schematic zuo wing diagram 
So P EN 


— m"— 
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"ЕТЕТ ОРИЧ ENTENG 
SRRREEESSSEEREERSRE ыы 

ааа TOLL 
БІНЕН HHH -Equipment 


| [Б 


(БЕ - 1 double-acting cylinder 





- 1 5/2-way solenoid valve (spring return) 


FERRER EEE EEE EEE 
CEE t 1 pushbutton (NC contact) 
- 1 pushbutton (NO contact) 
БЕБЕ Енен 
=== === === === + - Actuating switch 
ЕЕЕ ЕЕЕ ЕНЕ RAMS 


= 121: pog i 








с - Connecting сар! 
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Solution to the example exercise 


The double-acting cylinder is to travel out after briefly operating 5. and remain in this position. However, an 


impulse valve is.not to be used that retains the switched position even after a pulse, but instead a normal. 5/2-way 
solenoid valve. In order to be able to hold the switched position with this 5/2-way solenoid valve, the coil of valve 
(Y1) must be supplied continuously with current. 


We must bring the relay into the self-holding position until a signal is given from S2 and the cylinder retracts in 
again by switching back the valve. 


Sequence of functions 
Switch Sg is operated — System is supplied with voltage 


Switch S4 is operated — Relay coil K, receives current through NC switch S2 and NO switch S,. The relay 
and the working contact K, pull up. 


Working contact K, (a) - Switch S, is bridged through this working contact. Even if we release 94, the relay 
coil is supplied with current through K, "a". The relay remains in a switched position 
(self-holding). 


Working contact K, (b) — At the same time, this contact energizes the valve coil and the cylinder can travel 
out. 
NC switch S5 is operated - The current is interrupted by means of S, in front of the self-holding loop. The relay 


drops off. К, "a+b" opens again and the cylinder retracts again because of the 
spring-return valve. 
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Power supply unit 24 V DC 


Baiona eee Да аа 5/6] 7] 0] 2 po [n repe pef po rope 
| 
кешш сыш) SETTE E 
„тамна ||)! р eee 
Limit switch (NO switch) ПЕ jaja В 
пара 
не СТІП ТТТ 
wmm Г 
nita | 
3/2-way solenoid valve, spring return, ШИИ 
normal position closed 


5/2-way solenoid valve, spring return 


5/2-way impulse solenoid valve 


5/2-way impulse valve, centre position 
spring-centered 


Signalling lamp 


ПЕ NAN 
ТТЕ 
энеме O |p eee eE 
шы: ШШЕ ГЕ ЕГЕ 

-EEEEEEEEEEEEEELEL 


= 


Single-acting cylinde 


Pressure gauge4 


List of equipment for exercises 1-18 
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7.2 Exercises 


Exercise 1 





“Description: of problem: 


A single-acting cylinder is to push defective goods off a conveyor belt. When pushbutton 94 is operated, the 
cylinder is to travel out. After the pushbutton has been released, it travels back into its normal position. 


Draw the pneumatics connection diagram and the schematic wiring diagram. 


Design a workable circuit. 


ТЕ Е 
РА О В ЕЙ И ЕШ 











= kaa = 













































ШЕ | man каа Cop - 1 single-acting cylinder 
ше | | = === 2 - 1 3/2-way solenoid valve (spring return 


л Е ЗА А АЕ ИЕ E | 

ИШЕ ЕЕЕ маши pushbutton (NO switch) 
ПА ЛИ ПРЕ PEE жамы 

| ЕЕ 


H ЕЕЕ 
- Connecting cable 
PEPER EERE EERE EEE 
E ва! 
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Exercise 2 


Description of problem. 








ae z = 


нон operating. ће. pushbutton: ба double- -acting: 'cylinder-is-to-o, ‘open: сета: valve: =Aftorreleasing: the: a 
the cylinder again closes the slide. Use a 5/2-way solenoid valve with spring return. 


Draw the pneumatics connection diagram and the schematic wiring diagram. 


Design a workable circuit. 


+ Гг 
ЕН 
ЕЕЕ НН Н 


|| 
"ТТЕ Equipment 
14-444 - 1 double-acting cylinder 
NN NE - 1 5/2-way solenoid valve (spring return) 
МАРА ptt ||| 


- 1 pushbutton (NO switch) 
ТЕКЕ ЕН - Actuating switch 


Al 
ЕНЕ енен 
- Connecting cable 
Lees 
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Exercise 3 


_ Description of problem: 

















ms large: gate is opened. and- closed.: by. a double- -acting. cylinder. From опе side. of the gate, it can бе opened by 
~ pushbutton 5. and from the other side it can be closed by So. 


S4 - move cylinder out 
S, - move cylinder in 


Use a 5/2-way impulse solenoid valve. 


Draw the pneumatics connection diagram and the schematic wiring diagram. 
Design a workable circuit. 


0100 11011 11111 Е 
ЕЕЕ ЕЕЕ НЕЕ ИЕ 
ЕЕЕ ЕЕЕ ЕЕЕ ЕЕН 

ЕНЕНЕ 
Hunden 


== = = = 


















ЕЕ ^ | Equipment 
|__| 


- 1 double-acting cylinder 


_ - 1 5/2-way Impulse solenoid valve 


111111 | 
- 2 pushbuttons (NO switches) 
HERE КЕШЕ - Actuating switch 


- Power supply unit 


АНА НА НЕ - Connecting cable 
amd 3 
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Exercise 4 
Description of problem: 


===—==—агде: cartons-are-to-be-closed-with- -adhesive-tape.-A-slide-moved- by-a-double-acting.cylinder-applies.pressure.to.— 
the adhesive tape on the carton. 


Conditions: 
S, - Start adhesion operation 
S, - Adhesive tape available in the magazine 


S4 - Carton is in position 


Draw the pneumatics connection diagram and the schematic wiring diagram. 
Design a workable circuit. 
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СВ Lr 55 
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Seek - Equipment 
ЕЕЕ НЕЕЕЕЕЕЕЕЕЕ 
ШЕ дева вш - 1 double-acting cylinder 


РЕНЕ E m - 1 5/2-way solenoid valve (spring return) 
- 3 pushbuttons (NO switches) 
mE - Actuating switch 
— ы = — 
Е --- Ir I sa нән S жай tt - Connecting cable — == 
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Exercise 5 


Description of ШЕШЕН: 




















A- pressing operation is to. be performed by a double-acting. cylinder. The pressing. operation | 15 s started by- Si: The 
cylinder return can, however, take place with equal priority from two separate locations with 52 OF S4. 


Draw the pneumatics connection diagram and the schematic wiring diagram. 


Design a workable circuit. 











ш ща 
ЕН 
p um 
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ШЕН 





SERRE 

- 1 double-acting cylinder 

- 1 5/2-way impulse solenoid valve 
- 3 pushbuttons (NO switches) 

- Actuating switch 

- Power supply unit 


- Connecting cable 








Exercises 


Exercise 6 
Description of problem: 

-A-double- -acting: cylinder-is-to-make- а їргеззїпд-орегайоп-ровзїрїе..- | -By-briefly-operating- S4, the-cylinder-travels-out— 

and remains in this position until S5 is pressed. 

Attention: Use a 5/2-way solenoid valve with spring return. 

Draw the pneumatics connection diagram and the schematic wiring diagram. 


Design a workable circuit. 


ЕН 
Нан 
Еа. 
ЕНЕ 
ЕЕЕ НЕЕ ЕЕЕ HEE 


Hr 
E 
FERRE EEE EEE EEE EEE EEE EEE EEE 

EUH UE 


H PERCE нан Equipment 
|] ae - 1 double-acting cylinder 
PEE ЕЕ --- H - 1 5/2-way solenoid valve (spring return) 
Е =] pushbutton (NC switch) 
PE - 1 pushbutton (NO switch) 


__ р - 1 relay 


-------------------- - Actuating switch 



































= ЕРЕ ААА oer supply uni 
_ р | 
|___| || ||| | ||| | | | | | - cable 
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Exercise 7 


— Description. of problem: ! — 





A double-acting cylinder controls a woodsaw. The board is held by 
cylinder А and sawing is performed with cylinder B. In the end | 
position, cylinder A gives a signal via the limit switch. | 


Draw the path/step diagram, the pneumatics connection diagram and 
the schematic wiring diagram. 


Design a workable circuit. 





Attention: Cylinder B must travel out slowly while sawing is taking 





place. 
HHHH A ee 
HI ------------------- BA 


ЕЕ 
БЕНЕН 
ЕЕЕ SEE EEE EEE EEE 


ГН 
„ырк E А a e 


МАЊА 
ЕКЕ 








ЕНЕ 
ЕЕЕ 
||| 


ПРЕ 
| 


H 
ЕЕ 











"ЕЕ и о ее Fee! (tel | 
p | | 
| | 


. Equipment 


"EH T] - 2 double-acting cylinders 
HEE: - 2 5/2-way solenoid valves (spring return) 


Perera ‘tiene 


HARAN ЕНЕ; атр 
E 4 ШИШИШИ 


- 1 pushbutton (NC switch) 


KA "ТЕТЕП - 1 pushbutton (NO switch) 
|| H | | А ни ни и и - Actuating switch 


n - - ||| EEE | 
- Power supply unit 

m -HHH 
НА - Connecting cable 


РАЯ d 
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Exercises 


Exercise 8 


Description of Маи 





aa кожа SS a EE ЫН Ини ЕРЕ == a 


sers 


switch 5. The оа is to be held іп the end position for 15 seconds en a time iis and then return 
automatically. 


Draw the pneumatics connection diagram and the schematic wiring diagram. 


Design a workable circuit. 





ЕН 
ә 


DIDA 


M 

N --- 

— | || || | | | | Equipment 

1- "ТИГЕ LLL LLL. - 1 double-acting cylinder 


Нн л 
ж HENTENN чау solenoid valve (spring etur 
-HHHH --- -H - 1 limit switch (NO switch) 
HHH Ш Е - 3 pushbuttons (NO switches) 

-1tim | Wan". 
SESRURHREREAREHASEE шола аву 
| 1111 | | || || ||| [|| "еу 


| o Actuating switch 


[LLL LE _ || |_- LL LLL LLLI - Power supply unit 
Ec rl а ик чи и 


MÀ € || и — LÀ men о fe cn fee | ef ee иж - = | Е 
TALL LL Tj] ing cable 
кит 


fols јр __________«__________|--___--__-________Ц____ _____]ј ______ 
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Exercises 


Exercise 9 


— Description. of-problem: - — 





Three double-acting cylinders are to travel out one after the other as soon as 


the end position of all three cylinders. After 20 seconds, all cylinders travel | ғ [ 
back uniformly. : 


schematic wiring diagram. 





Design a workable circuit. 


HHH niii 
uni 


НН 


ВЕРНЕЕ 
На 
pM e 
ENRNEENSHENSNENEEESSSEEEENSBESEBEENNRESNSNNBEE 
О О ЗЕ В иии ШЕННЕ 
ЕЕЕ ЕЕЕ - 

ЕЕ ||| | ||| PEERS 


+ 
Е. 
РЕВ 


ШЕТПЕ 








ЕНЕ ЕЕ Equipment 
H- HERE ЕЕ FH - 3 double-acting cylinders 
E N += -3 5/2-мау solenoid valves (spring return) | 
E - 3 limit switches (NO switches) 
So = L 


| - 1 pushbutton (NO switch) 


ШЕШЕ ШЕН шжін - 1 time relay (NC switch, "оп" delayed) Y 
THREE HE ая 
аа 

- Actuating switch 

-P ly unit | 
PEER EEE -€—— | 
Т 0 З о А И О ва | 
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Exercise 10 


Description of problem: 


LC — ———— ÓÓY—Á— 





—Two- -double-acting-cylinders-(A-and-B)-travel- out-simultaneously-after-pushbutton-S;-is-operated.-When-the-« end 
position is signalled by limit switch S}, cylinder A is to travel in again immediately and cylinder B after 30 seconds 
(limit switch S4 is located on cylinder А 


Draw the path/step diagram, the pneumatics connection diagram and the schematic wiring diagram. 


Design a workable circuit. 


HHHHRHERHHRHHHHHHHE 
ТП 
ЯС ЕЕЕ ЕШ 

кк ы EN 





PREECE 
Ta] 
| 





H EEE 
ЕН 
E HH 


ЕЕЕ —31--H-4-4-4-- 


ша 
m 
LM ини _ Equipment 
ШЕН ПИ KENE — - 2 double-acting cylinders 


-HHHPPHHHHRHE H- |.» -25/2-way solenoid valves (spring return) 
ЕЕЕ: ennt to enten 
- 1 pushbutton (NO switch) 
LL LLL ---- —— -- 1 time relay (NC switch, "on"-delayed) 
СЦ 
шщазизши E I и - Actuating switch 
А | — - Power supply unit 
ШЕННЕН НЕН a i EN UD EN EUNT 


-Connectihacable -~~ 
— — LLLLLLLLLLLLLLLLLLLI И 
нин ШИН 
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Exercises 


Exercise 11 
Description of problem: 


Three double-acting cylinders (A; B and С): When cylinder: A reaches the end | 
position (actuated by pushbutton S,), cylinder B travels out. After the end | | 
position of cylinder B has been reached, another 20 seconds must pass before | m 
cylinder C travels out. When cylinder C has also reached the end position, all | = 
cylinders retract at the same time. 


Draw the path/step diagram, the pneumatics connection diagram and the | C 
schematic wiring diagram. | 


Design a workable circuit. 






ЕНЕВ Нан 
ЕНІН FH 


F 
FH 
ATT 
ааа а 
Г 
ENNNERENE CEE EEE EEE EEE EEE EEE Ee 
НЕЕЕЕЕЕНЕНЕЕЕ СЕЕ 


FREER EEE EEE EEE EEE EEE EEE EEE EEE ANANA 
|___| ||| ||| || | 
||| ||| || || || ||| 
__| ||| || || || О А 
СЕДАН ЕНЕН ||] |] 

|__| ||| АРДА 


- 3 double-acting cylinders 











- 3 5/2-way solenoid valves (spring return) 


- 2 limit switches (NO switches) 





ІТИ SWITCH (INU SWITC 


ЕЕРЕРЕРЕРЕРЕЕЕЕЕЕЕЕ енін 

ptt tt tte ИИ у қ 

| ||| || | ELLE - 1 time relay (NO switch, "on"-delayed) 
[LLL IL LL ү tt LL | -relays 

||| | || ||| | | | | “| | | | - Actuating switch 
ЕНЕНЕ гена peer 
NBN 


Nu ШЕШЕ | 
Ш - Connecting cable 
" ” xi i 


M 


== 


== 


12 





= 
| 





—— ‘garage: door-is:operated-by-a-double-acting cylinder..When:pushbutton-S,-is:pressed;-a:signallingamp:lights:up: 


Exercise 12 


Description of problem: 


Exercises 





30 seconds after operation, the cylinder (door) travels (against a fixed stop). With pushbutton S», the door is closed 


again. 


Draw the pneumatics connection diagram and the schematic wiring diagram. 


Design a workable circuit. 











a | 





- 1 double-acting cylinder 


2-1 5/2-way solenoid valve (spring return) 
- 1 pushbutton (NC switch) 
- 1 pushbutton (NO switch) 


- 1 time relay (NO switch, "on"-delayed) 


- 1 relay 


- Signalling lamp 


% 
кмат ENTER PRisRe 


- Actuating switch 





Ribas aa o 





411 Pinnrama Cane. 


· 2 Raja Оћагапба 
SADDAR ҚАР A 


(PA v 


Г Kh-g ро. ф 
СН! 


113 


Exercises 


Exercise 13 


Description of problem: 























= Ву means of. pushbuttons S, or So, a “gate is opened with. the. help of a double- -acting - cylinder. At < or исте is 
cancelled, the gate is to remain open for another 30 seconds for reasons of safety and then it is to dioc 
automatically. The gate is to be cushioned when opening and closing. 


Draw the pneumatics connection diagram and the schematic wiring diagram. 


Design a workable circuit. 


Нн 
ЕНЕН 


ШЫ 





= AH- | | | =| | 























HHH 





= purses 

— + 1 double-acting cylinder 

- 1 5/2-way solenoid valve (spring return) 
|. -2 check-choke valves 


-2 iil (NO switches) 


- NC мне "Wy" Ae ~ 


шш || | ttt | | | | 


| 
------ || | ШШШ | - Actuating switch 
||| LLL LL 111| || | - Power suppty unit 
MIN ЕАО a шч ыш 
---- ШЕ -HHH | 

. el Pee 


— 
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Exercises 


Exercise 14 
"Description of problem: 
——After-operating- pushbutton=S3,-two-double-acting-cylinders(A-and-B) travel-out:-After-reaching=the-end- position; 
cylinder A travels back immediately but cylinder B only after 15 seconds. The limit switch 5, is in the end position 
of cylinder A. 
Draw the path/step diagram, the pneumatics connection diagram and the schematic wiring diagram. 


Design a workable circuit. 


ааа. 
ТЕШЕ 


— 
ишш ГГ -- 
aoe] ease ee ese ee Т 
о || || || _- | a aE 


НЕ 
ӘН 
СР 
HE 

N 











ЕЕЕ 
ТЕКЕ ЕНЕ 


MRS сто тте 
ЕЕЕ шишиши ШЕГЕ 
ЕНЕ 
Equipment 

РГ ТТ - 2 double-acting cylinders 
ПАНДАН ^.  - 2 5/2-way solenoid valves (spring return) 
-- tt -H --- - 1 pushbutton (NO switch) 
T ДА - 1 limit switch (NC switch) 

HIE NEN - 1 time relay (NC switch, "off"-delayed) 

832444444425: 


- 1 relay 


- Ромег _ unit 
== тенге p 




















€ UN 
ЈМ wv ENTER PPR ере 
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Exercises 


Exercise 15 


Description of problem: 














A-double- -acting. cylinder і is caused to travel out by briefly operating.pushbutton 94: At its сепа position, the. cylinder 
operates a limit switch S». 


In order to allow a pressing operation to take place, the cylinder must retract only when the pressure on the piston 
side has reached a certain level. 


Draw the pneumatics connection diagram and the schematic wiring diagram. 


Design a workable circuit. 


и 
LL LLLLL BENNENEBEBSSNSNEESEN 
pt LLL tte te ||| | | | LLL E 
pi ttt ||| ||| || м ||| || 
ЕЕЕ ЕЕ ЕЕЕ 
шишиши ин О В В О ава азаа 
MERES H pa eee ---HHHHH- ШШЕ 
|| О В В Е О О NEN 
SEE EEE EEE EEE -- НЕРЕЕЕНЕЕЕ 
ца В В В В А И А мим 8 
|___|| || LLL LL EL TE О О | ||| | | 
ШЕ rth halt AE AN ANA tad 
SPE нн eee |] 
ЕЕС СЕ 
Hebe Ee 
парраи -- ode poppe 

= ИШИНИН 


= 

m 

E 

m 
ННІ. 
M EE EERS Equipment 

г 

= 





4444444 - - 1 double-acting cylinder 
ШИ ДА Е ||| - 1 5/2-way solenoid Maite (spring return) 


| | | | | - 1 pushbutton (NO switch) 


EE : ipit mantah ГАШ 


| пи 


E 
mE шаса ас 
[2 relays 
С B Е ШЕН” - 1 pressure measuring instrument 
M (pressure gauge) 
muU - 1 pressure switch 
ttt - Actuating switch 


- Power supply unit 
НД -j AH - Connecting cable 


— Two-oylinders-(A-and-B)-in-one-operation:- : ! === =н 


| 
| 


Exercises 


Exercise 16 


Description of problem: 











The path/step diagram and the pneumatics connection oram are given. 
Draw the schematic wiring diagram. 


Design a workable circuit. 


ЕЕЕНННННИННННИННИН 


име diagram | Pneumatics connection diagram | 


DN А LT 























— - Actuating switch 




















- Power supply unit 


||| [111 ТТ | | [ -Connecting саые 


Е 
Е 
E 
|A a 
E 
E B 
HE” 
PEPE EEE EE EE ETH | 
О В В В В В а м Ж 
"ШЕПТЕ ЕЕЕ 
ишин EENENNNESESBBEBEBNNESEENNNEN NIE 
HH HH a KE 
ШІН тиииш - ЕЕЕ 
Н 
d ee 
m EI -- Я a — - 2 double-acting cylinders 

е; 
EEE EE ү 2 5/2-way impulse solenoid valves 
PEEP EEE EEE EEE оное 

г - 1 pushbutton (NO switch) 
РРР - 2 limit switches (NC switches) 
ПА ПИ АП И АП м = | 
__|| ||| ||| | || || || - 2 limit switches (NO switches) 

| НА В ВА АВ АИ - 2 relays 
КЕНЕН | 

= 
NE | 
На 
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1 
Exercise 17 
Description of problem: 
Draw the schematic. wiring diagram. for the same circuit as in exercise. 16. Note, however, that. only 5/2-way | 
solenoid valves with spring return are available. (Think of the self-holding function of a relay.) 
Design a workable circuit. 
+ + -4. $ i | 
Path/step diagram | A | Pneumatics connection diagram —— | 
| $2 5 53 54 | 
| | | 
| | 
| | 
| | 
| 
| | 
| | 
| | 
| | 
| 
| LLL | 
| | 
| | || 
Equipment 
- 2 double-acting cylinders 
- 2 5/2-way impulse solenoid valves 
- 2 check-choke valves 
- 1 pushbutton (NO switch) 
- 2 limit switches (NO switches) 
| _- 4relays 
- Actuating switch 
| - Power supply unit 
виза а за пети га ШЕ па тен дни па ` | - Connecting cable 
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Exercises 


Exercise 18 
| = e built up а as follows: — "кишш 


Cylinder A clamps the workpiece which is then stamped by cylinder В (shown 
in top view) and is then finally ejected by cylinder C. 


The circuit is to be made up using spring-return solenoid valves. 
Draw the pneumatics connection diagram and the schematic wiring diagram. 
show the required limit switch functions in the path/step diagram. 


Design a workable circuit. 





H1 НЕН 


"Райтер diagram 
123 45 6 7 8. 










> 


UJ 








© 























































































EE 
P e ИШЕ 
TE 
ЕЕЕ. quipmen | 
шиини ||" ||| | = 3 double-acting cylinders 


num NANANG | #8 5/2-way solenoid valves (spring return) 
-—— - З check-choke valves 
att mum 5 = tat 4 ~~ - 1 pushbutton (NC switch) 
-- Е — |. -2 pushbuttons (NO switches) 
ЕЕ: ШЕ - 4 limit switches (NC switches) 


T NU 
+ 


T P norma f 


| 








- 2 limit switches (NO switches) 
_ -6 relays 


4 

| 

| - Actuating switch 
| - Power supply unit 
= 

1 


- Connecting cable 
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8. Introduction to Programmable 
Controllers (PLC) 


8.31 Purpose of a PLC 


Small systems 


In an electropneumatic system we find not only the 
operative system components such as solenoid 


Signal elements valves, cylinders etc. but also the signal-processing 
part. 
In a system, we receive signals and messages from: 
Logic operation — limit switches 
level with relays, 
contactors, etc. — sensors 
(conventional NE 
technology) 
— pushbuttons 


— proximity switches 


etc. 
Actuating elements | 
(valves) These signals must be linked together in order, for 
example, to be able to operate the right valve at the 
Working elements | right time in the system. 


In the preceding chapters, we accomplished this link- 
age with the help of relays. 





Fig. 122: General arrangement of small electropneumatic 
systems. 


Medium to large systems 


As the electropneumatic system increases in size, so 
the number of required relays and logic elements (to 
JUL LL UU LEU LI LEIL] — Signal elements obtain this linkage) increase. 


Not only the cost plays a large part but also, and in 
particular, the space required in the control cabinet. 


Considering its function, a relay requires a relatively 
large amount of space. 


We are now confronted with the decision to use a pro- 
grammable controller instead of the conventional logic 


Actuating elements elements and relays. 


(valves) 


ЕЕ LES LE Working elements 









Fig.123:__ General arrangement of medium to large 
electropneumatic systems 
Quit Мо EN TER PI (SF S УРА «% 
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E | њи 
tT ИК 

a И тн т т Р ОЉА а 

aw Е 


ae зо 
али E 
F - 


+ А - p Aer ар жі - za = : 
3| wz ктг т atl eles | 


ч а 


зара ПЕРЕТЕ тере — 


Fig. 124: РС-220 MR/MT programmable controller 


БА [гг 
- $ 


ums ааа. apes cue E 
STE ГА ag к =" 


Fig. 126: PC-260 MR/MT programmable controller 
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What can a PLC do 


Controlling of sequences 


Processing. of binary, digital. or analog. input- and 
output signals for influencing technical operations, 
processes and sequences. 


Controlling the program run іп the proper 
sequence and with the correct timing. 


Monitoring of plants 


Status check within the plant, 
е.0.: temperatures, pressures, fill levels etc. 


Output of suitable messages or initiation of the 
necessary counteractions if values are beyond 
fixed limits. 


Integration of the PLC in CNC machine tools for con- 
trolling lower-level sequences which are not covered 
by the CNC control. 


Example: 


Controlling and monitoring workpiece loading and 


unloading stations. 
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8.2 General design of a PLC 


Programmable=controllers=are=electronic=devices=in 
which the required control sequences are stored in а 
Signal generator program memory in the form of instructions. The sig- 
nal generators, loads and actuators are connected 
directed to the PLC. 


A programmable controller is essentially made up of a 


processor (control unit or central controller), a pro- 
Input module gram memory and the peripheral modules (i.e. input 
and output modules). 


The control program is written into the program mem- 
ory with the help of a powerful programming unit. 
When commissioning has taken place, the program- 
ming unit can be separated from the control. 


Program 


The program is now read line by line by the control 
memory 


unit and processed (executed in serial form). Since 
serial execution of the program takes place in a very 
short space of time, this operation is hardly noticed 
from outside. A single run through the entire program 
memory is known as a cycle. The time required for 
this is called the cycle time. 


| The cycle time of a PLC with average execution 
Data register speed is only about 7 ms (for a memory size of 1000 
statements). 
Output module 


ч- 2с O—-mzacr-—umz 


р 
R 
O 
C 
E 
S 
S 
O 
R 


-— С rOmMAzoo 


Actuators, loads 


Fig. 127: General design of a PLC 
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Input level 


"| commands 


— Switches 
— Push buttons 


Control 


Process data 


— Limit switches 


— Probes 
— Monitors 
etc. 


Fig. 128: Logical design of a PLC 
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Output level 


Execution 


— Solenoid valves 
— Contactors 
— Flaps 

usw. 





8.2.1 Logical design of a PLC 


In.the 
- input level - 


the physical handling of the various input signals 
takes place as they are received from the machine 
process and from the manual command level. 


The 
- processing level - 


processes the signals received at the input level in 
accordance with the internal program specifications 
(timers, counters, data registers). These are linked 
here in accordance with the program and the result is 
passed on to the output level. 


The 
- output level - 


passes on the commands from the processor. The 
loads, displays, actuators, couplings- ог motor flaps 
are activated. 
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8.2.2 Mechanical design 


The examples for the mechanical design of a PLC are 
based-in-this-course-on- documentation for the PLC 
- supplied by Mannesmann Rexroth Pneumatik GmbH. 


Let us consider the input side of a PLC: 


If a "Yes" signal is to be brought to the PLC, then a 
pushbutton or switch, for example, is required that 
has to be supplied with electricity. 


The PLC power supply unit can be used for this pur- 
pose if the current which flows does not exceed the 
maximum value (which varies according to the type). 


If we press the pushbutton, a positive voltage signal is 
sent to the input (| 404) of the PLC and is assigned to 
the processing operation as logical "1". 


Data from signal transmitters or encoders arrive at the 
input of the PLC in a similar manner. 


The input board is equipped with optocouplers in 
order to electrically isolate the applied voltage from 
the processing system. 


Consider the increased amount of current flowing 
through active signal generator elements. 


If an input is set to "1" this is indicated by an LED. 
This allows the status of the signal transmitters, or 
encoders, can also be observed on the PLC. 


If the current flowing through the signal transmitter is 
too great, an external power supply unit must be pro- 
vided to supply the necessary current. 





external power supply unit 


4 
D 


Signal generators 


o00000- |-iInput————— 
66060600 | LEDs 





Fig. 129: Mechanical design =. 
Мы» 
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8.2.3 PLC power supply 


Depending on the application or location, we can 
choose between 


220 V AC 
or 

24V DC 
for the PLC power supply. 


On the input side of the PLC, there is a terminal 
designated "RUN". 


This terminal is connected through a switch with 
+24 V ОС. 


After operating the switch, the PLC is now in the 
"НОМ mode" 


i.e. processing of the input and output data and 
execution of the program commence. 


When the switch is re-opened, the PLC immediately 
discontinues this process. 










| — Powersupply. 
220/240V AC 1 









Де ТЕТ“ ШЕН 
(x) |220/240М AC] А 





Fig. 130: PLC power supply 
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8.2.4 LED indicators 


LED - indicators are fitted on the PLC. to. display the 
following conditions: 


Power LED 


This LED lights up when power is supplied to the 
PLC. If it does not light up although the power is on, 
the fuse should be checked. 


RUN LED 


As soon as the RUN input has been activated, this 
LED must light up. 


It is assumed at all the necessary wiring has been 


EEE DUCTOR ы NOR ONCE provided correctly. 
м!|м2] т | MVIRUN] бу | 480 | 401 | 402 | «03 | 464 | 455 || 
Battery LED 
If this LED lights up, the internal backup battery must 
be replaced. 


The battery voltage has then fallen below 2.8 V. 


The purpose of this battery is to supply the data and 
program memories with power should the main power 
fail. 





This emergency supply prevents loss of data and 
program from memory. 


Prog-E, CPU-E 


The program error and CPU error LED signals a 
processing error in the processor itself or in the 
program. 





Fig. 131: PLC front panel with LED indicators 
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Fig. 132: 240 МН/МТ programmable controller 
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8.2.5 PLC outputs 


Тһе outputs of the. PLC. аге gathered. іп groups. of 
four. 


A "COM" (common) connection belongs to each 
group and this is supplied with positive voltage. 


If the output module of one of the related terminals 
responds, the positive voltage applied to the COM is 
transferred to the load via this output. 


The advantage of dividing into groups in this way is 
that each COM terminal can be supplied with a 
different voltage to suit the particular application. 


Eg: 


COM 3 

) 220УАС 
СОМ 4 
СОМ5 - 24V DC 
COM6 - 48V DC 


It must be remembered here that the total current 
flowing through any one relay must not exceed 
approximately 2 amps. 


If loads are connected that require more current, an 
auxiliary relay must be added. 


It should Бе added here that a standard type of 5/2- 
way solenoid valve size 7 requires a current of only 
approx. 90 mA. 


There is therefore no problem in connecting several 
such valves directly to a group of outputs. 
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| 8.3 Programming unit 





“Before starting to write a program, let us see how а | 
program is loaded into the PLC memory. 


SS i NE NU —————————ÓMÁÁ——— — = 








Out of the many input devices, the attachable pro- 
gramming unit, is the most common. 


These programming units are attached onto the con- 
trol and the program is programmed into the PLC 
application memory directly through an input key- 
board. 


An LED display makes it possible for the referenced 
memory addresses and their contents to be shown at 
the same time. 


Monitor functions, insertion and deletion of commands 
and the programming of timers and counters in the 
off-line mode are standard for these programming 
units; 





Monitor functions: 


The currently active program can be checked by 
means of the programming unit. 


Off-line mode: 


Since program modifications are possible only in the 
off-line mode, the currently active program must be 
stopped. 





Fig. 134: GP 20 FE hand-held programming unit 


If programs are not input locally, the programming unit 
does not necessarily have to of such a handy size. 


This means that other units which are easier to oper- 
ate can be used. 


Non-transportable program units are not attached 
directly to the control but connected to the PLC 
through an adapter cable. 











— gram can be observed. = 





hese units all have a monitor on which the ІШІ pro- | 


: T 






































м Initially, it does not appear necessary to work with 
pagi such units. 





Fig. 135: GP-80 FE graphics programming unit 
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If the program has reached a certain size, however, 
programming errors can occur much more easily and 

-these —can-—be recognized... better. м _Фе.-поп- 
transportable units. 


Programming units of this kind are called 


- graphics programming units -. 





A third possibility for programming would be to make 
use of software designed to be input into a standard 
type of personal computer. 


NUT == 
ANG SN ч 


га 
"n ^ s 





Fig. 137: MS-DOS PC with MEDOC software 
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8.4 Logical operations 


In Chapter 7 (exercises) we worked out a lot of logical 
operations with the help of relays. 


A PLC can also draw up logical operations with the 
help of a program, and this has the following advan- 
tages: 


- по relays to be wired 


— a large number of available time functions, coun- 
ters etc. 


— program modification can be performed very 
quickly. 


These advantages can be illustrated very quickly with 
two example problems: 


Example problem 1 


1. A signal lamp is to indicate that two doors in a 
room are both open at the same time. 


Example problem 2 


2. A signal lamp is to indicate when one of the two 
doors is open. 


Solution to the example problems: 


The logic for the problems and schematic wiring dia- 
grams can be seen in the solutions shown alongside. 


As we can see, with conventional wiring the logical 
functions of limit switches SO and S1 must be different 
for the two problems. 


Problem 1: UND - Function 
Problem 2: OR -Function 











Solution to example problem 2 SONNY PNTE REPRISPS рд vy 
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If we solve both solutions using a PLC, we need not 
give any thought at the moment to the logical opera- 
< . tions involved when • connecting the limit switches. | 


This will be done by the program. 









lf we connect devices to the input or output side of a 

| PLC, the designation must previously be defined. А 
| 
ша 


Inputs 


cdd 


Limit switch Sg — X400 \ 


ма || 
Е 
SPS | Limit switch 5+ — X401 | 


Outputs Outputs | 


| | | Signal lamps | — Ү430 


We now connect the units and write the programs for 
the two problems. 





Fig. 138: Connection diagram for a PLC 








| 
| 


132 


introduction to Programmable Controllers 











| [operation with 
a NO contact 
| (series circuit) 










mand series 
| connection of 
Прага!е! opera- 






Tabelle 8: Programmbefehle 


8.5 Programs 


“inorder to Бе able to write a program, we must know 


commands that are understood by the PLC. 


In the table on the left you will find just a few of the 
important commands, but these are quite sufficient for 
a basic understanding of the subject. 


gz 
Onwy = 
! №. à 
Ride А 1] Pang, Rp, ер 
Puja ea, MA d o 
n бар ег. 
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There are 3 ways of representing a program: 
For example problem 1 Ladder diagram 
Schematic wiring diagram | Statement list 


Logic diagram 


8.5.1 Ladder diagram 


Ladder diagram Let us take the two schematic wiring diagrams from 
the exercises and rotate these through 90? counter- 
clockwise. 


X400 X401 The switches and devices are now replaced by the 


|| НС vaso selected PLC connections and the types of command. 
The result is a ladder diagram. 


For example problem 2 


Schematic wiring diagram 














Fig. 139: Transforming schematic wiring diagrams ю 
ladder diagrams 
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1. LD X 
AND X 


400 
401_ 


Г 5 — = Ра. 
[т oo pe i DRE. ee ee ee E |) 


=== : pe чу nn {рүш арр = =E 
ee OU a A a) 
ы | 





Table 9: Statement list 


Fig. 140: Logic diagram 


400 
401 
430 
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8.5.2 Statement list 


Letus.take..a_look_at.the.contact..diagrams.for.the.. 
problems described and read them from left to right in 
the command form written above them. 


The result is a statement list which can be entered in 
this form using the programming unit. 


8.5.3 Logic diagram 


We already know the logic diagram. 


This shows the logic operation together with all neces- 
sary designations for the devices. 


| 


n "она 
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— e (o RENE eee "-— т ——- — или nn e nmi ee ee 


For a better understanding, let us solve another 


problem. 
FX EX © Example:problem’3 
91 | 52 | 5; А Тап сап be switched оп from two places in a room 


by means of switches with equal priority. It is, 
however, a condition, that the window is closed. 


Input/output assignments 


PLC 


Switch 5+ —› Х400 
Switch 52 -» Х401 
Window limit switch 93 — X402 


Fan — Y430 


_/_|Fan auxiliary contactor 

















After connecting to the PLC, we draw up the: 
Ladder diagram — ladder diagram 
Х402 — statement list 
Y430 — logic diagram 





Statement list 


LD X 400 
OR X 401 
AND Х 402 
OUT Y 430 


Logic diagram 


91 








Fig. 142: Ladder diagram, statement list and logic 
diagram for example problem 3. 
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9.10 Graphic symbols for electrical components and signalling devices 


Standardized Representations 


Standardized Representations 


Types of protection for equipment in accordance with DIN 40 050....................... 


Identification of the types of protection by symbols in accordance with 


МОЕ 07/10 anda 0520 asian sisa ad ео 


Graphic symbols for electronic components (semi-conductor elements) 


in accordance with DIN 40700...................................................................................... 


Graphic symbols for electrical conductors, cable connections and 


connections in accordance with DIN 40 711, 40 712 and 40 713............................ 


Graphic symbols for electrical switch gear and ancillary devices in 


accordance with DIN 40 703 and 40712........................................................... 


Graphic symbols for electric drives and tripping devices in accordance 
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Standardized Representations 


1. Standardized Representations 


1.1 Types of protection for equipment in accordance with DIN 40 050 


Example: IP 4 4 
Classification letter o ëT 

1st characteristic 

numeral 

2nd characteristic 

numeral 







Explanation 






No particular protection of persons against accidental 
contact of parts that are electrified or moving. No protection 
of the equipment against ingress of solid foreign particles. 


| First characte- | | NES 
| ristic numeral Description 


No protection 















Protection against accidental contact over a large area of 
electrified parts and parts moving inside. Protection against 
ingress of solid foreign particles with a diameter of more than 
50 mm. | 


Protection against large-sized 
foreign particles 














Protection against contact with the fingers of electrified 
or parts moving inside. Protection against ingress of solid 
foreign particles with a diameter of more than 12 mm. 


| Protection against medium-sized 
foreign particles 


















Protection against contact of electrified parts or parts moving 
inside with tools, wires or suchlike with a thickness of more | 
than 2.5 mm. Protection against ingress of solid foreign | 
particles with a diameter of more than 2.5 mm. 


Protection against small foreign 




















~ [Protection against minute foreign 
| particles 


{Protection against contact of electrified parts or parts moving 
inside with tools, wires or suchlike with a thickness more 
ithan 2.5 mm. Protection against ingress of solid foreign 
|particles with a diameter of more than 1 mm. 













Complete protection against contact of electrified parts or 
|parts moving inside. Protection against hazardous dust 
deposits. The ingress of dust is not completely prevented but 
the dust must not penetrate in such quantities that work is 
adversely affected. 






| Protection against dust deposits - 








— | еј | 
Protection against dust ingress Complete protection against contact of electrified parts ог 
moving parts inside. Protection against ingress of dust. 

















Table 10: Types of protection for equipment in accordance with DIN 40 050 
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Significance of the second characteristic numeral in accordance with DIN 40 050 
ristic numeral escription xplanation 


E D 










No particular protection. 


Protection against dripping 
water falling vertically 


Water drops falling vertically must have no damaging effect. 





Water drops falling at an angle of up to 15° from the vertical 
must have no damaging effect. 


Protection against water drops 
falling up to 15? from the verti- 
cal 







Protection against spraywater | Water falling at an angle of up to 60° from the vertical must have 


no damaging effect. 





Protection against splashwater | Water splashing from all directions against the equipment must 


have no damaging effect. 










Protection against hosewater | A water jet from a nozzle directed against the equipment from all 


directions must have no damaging effect. 
















Protection against the effects 
of immersion 





Water must not penetrate in dangerous quantities if the equip- 
ment is immersed in water under the defined conditions of pres- 
sure and time. 














Protection against the effects 
of continuous submersion 


Water must not penetrate in dangerous quantities if the equip- 
ment is submersed in water under a defined pressure and for an 
undefined time. 





Table 11: > Significance of the second characteristic numeral in accordance with DIN 40 050 
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9.2 Identification of the types of protection by symbols in accordance with 


VDE 0710 and 0620 


Type of protection 


Covered 


Drip-proof 


Rainproof 


Splashproof 


Hoseproof 


Watertight 


Pressurewater-tight 


Dustproof 


Dusttight 





Protection against high air humidity, vapours 
and water drops falling vertically 


| Protection against water drops from above up 
| to 30* over the horizontal 


Protection against water drops from all direc- 
tions 


‘Protection against jets of water from all 


directions 


Protection against penetration of water without 
pressure | 


Protection against penetration of water under 


pressure 


Protection against penetration of dust without 
pressure 


Protection against penetration of dust under 


| pressure 





Table 12: Identification of the types of protection by symbols in accordance with VDE 0710 and 0620 
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9,3 Graphic symbols for electronic components (semi-conductor elements) 
in accordance with DIN 40 700 


Rectifier, diode 


Tunnel diode 


Variable capacitance diode 


Photodiode 


Light emitting diode (LED) 


Diode, temperature-dependent 


PNP transistor 


NPN transistor 


Photo PNP transistor 


Thyristor, cathode-controlled 


Thyristor, anode-controlled 


Varistor, diac 





Table 13: Graphic symbols"oRelegtrgnic components (semiconductor elements) in accordance with DIN 40 700 
81, Ја ы 41) Р, 
о 
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9.4 Graphic symbols for electrical conductors, cable connections and connections 
in accordance with DIN 40 711, 40 712 and 40 713 


Conductor, general 


Conductor, flexible 


Line crossing 


Line joint 


Detachable line joint 


Conductor routing through housing 


Screened conductor 


Earthing, general 


Connection for protective conductor 








Table 14: | Graphic symbols for electrical conductors, cable connections and connections in accordance With DIN 40 71 1, 
40 712 and 40 713 
142 





Standardized Representations 





9.5 Graphic symbols for electrical switch gear and ancillary devices in accordance 
with DIN 40 703 and 40 712 


Manually actuated, general 





Actuation by pressing 















Actuation by pulling 


Actuation by turning 


Manually actuated, removable, e.g. key 


Mechanical, genera! 


Detent 















ВЧ 


Locking in one direction 





aes 


Switch-on element, NO contact 
Switch-off element, NC contact 
Switchover element, changeover contact 
Two-way NO contact 


Direction of motion 


Table 15: | Graphic symbols for electrical switch gear and ancillary devices in accordance with DIN 40 703 and 40 712 
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Prd, LENT ел, 
"2n i ғ 


143 


> „г 


Standardized Representations 





9.6 Graphic symbols for electric drives and tripping devices in accordance 
with DIN 40 713 


Electromagnetic drive, general 


Drive with 1 winding 


Drive with two compounded windings 


Drive with two counter-compounded windings 


Powered mechanism, piston 


Drive, dropout delay 


Remanence relay, latching relay 


Notching relay, current relay 





Table 16: Graphic symbols for electric drives and tripping devices in accordance with DIN 40 713 
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9.7 Contact spring sets for relays 


NO contact 





NC contact 


Changeover contact 


% 
1 


Double NO contact 


Double NC contact 


Sequential changeover 


contact 


Double NO contact 


Table 17: Contact spring sets for relays 
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9.8 Designation of electrical equipment 
in accordance with DIN 40 719 


А ме Assemblies, sub assemblies 
E Converters, electrical/non-electrical 
Capacitors 


"Binary and digital devices and 
switching elements 


EN 
E Protection залртот 









Signalling devices 


Contactors, relays 





Motors 
TRES controllers 
Measuring instruments 





| Power RUNE E 


| Resistors 


Terminals, connectors, boxes 


Electrically actuated mechanical 
devices 


Table 18: Designation of electrical equipment in 
accordance with DIN 40 719 
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Inductance 





— Switches, selectors, signal generators 
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9.9 Graphic symbols for electrical devices and converters 






Converter, general 





Pressure transducer 


Strain gauge 


Resistance thermometer 






Thermometer 


inductive sensor 


Capacitive sensor 


Piezo-electric sensor 





Table 19: Graphic symbols for electrical devices and converters 
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9.10 Graphic symbols for electrical components and signalling devices 


Resistor 





Resistor with sliding contact 


Winding, inductance 


Capacitor, capacitance 


Polarized capacitor 


Electric element 


Indicator light 


Analog indicator, optical indicator 





Hooter, horn 


Measuring instrument, general 


Recording instrument 





Graphic symbols for electrical components and signalling devices 
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